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DATE: 1-6-71
PAGE 2 0OF 6

 —— ——————

AEROJEL-CIUNRAL NUCLEAR ROGLET QP ERATIONS
MATLRIALS AR PROCESSES SECTION
DATA RELEASE

Al 1} Coating

DRY NG. 24.01 PAGL XO. 2 DATE _1-6-71 MATERIZL 273
Flame or Plasma Arc ‘ ‘
CONDITION Spréyed TEST DIRLCTION
SPYC. NOS. FORY Rokide 4
" '
. DATA BASIS Category "C _ COMMERT
.- PROPERTY Solar Absorptance, ag ) ’ ] L
- : ——UTTRAVIOLHI &
T ~ INEUTRON RAD .
COATING - . |pEGRADATIGN PESIGN :
- ) * | THICKNESS | TYPICAL FACTOR ALLOW-
-1 COATING }SUBSTRAT:| INCHES  VALUE __ }VARTARILITY. . % ...} _ABLE ! REFERENCE
R : ; )
| .
Al,0 Aluminum .006 .31 + .06 + 40 43 1, 2, 3
2°3 X . » 45
Alloy ‘ .-
. 007 - .30 _+ 40 420 11,2, 3
.010 .26 I + a0 .36 1, 2, 3
Sand- | .013 .32 - +40 | .45 1, 2, 3
blasted . :
2024-T3

T oa<



" . . REVISTON: 0
DATE: 1-6-71
pAGE 3_ OF 6

e ket & s =

' ABROJET-CFINRAL RUCLEAR ROULLT OPLIATIONS
MATERTALS AR PROCLESES SECTION
DATA RELEASE
J

O3 Coating

-nﬁx Né. 2401 PAGE NO., 3 DATE 1;6;71 areansn A2
COSDITION Flame or Plésma Arc Sprayed TEST DIRECTION

SPEC. MOS. __ TOR Rokide A

. DATA BASIS Category "C" | FOMUENT

Total Hemispherical Emittance

- PROPERTY - SN e
. C ' -
SUBSTRATE] COATING  JEMITTANCE AT :
- - % | IHICKNESS TEMPERATURE -] VARIA-
COATING |conpirrox| INcHES |~ -60°F 1 _40%F | 140°F 3 BILITX.. . RETERENCE]
Al,0 Aluminum .006 .70 71 71 + .06 1, 2, 3
273 -
Alloy : .
) .007 - .70 .71 . .73
.010 .70 1t .73
Sand- 013 .73 .75 .75 + .06 1, 2, 3
blasted ’
2024-T3

#g<



REVISION:
DATE:

0
i-6-71

pace 4 or 6

. ARROJET-CIDINRAL NUCLEAT ROULCT OPMRATIONS

. | C . MATLRIALS AND PROCUSSKS SECTION
D:.‘\TA RELEJ‘; S E N
24.01 SV  A1,0, Coating
DRM NO. PAGE NO, 4 pATE  1-6-71 MATERTAL 2 3
COSDITION Flame or Plasma Arc Sprayed — TEST DIRLECTION
Sprc. NOS FORM Rokide A
.DATA BASIS Category "C" COMUENT
Thermal Radiation (a /fe.)
PROPERTY s H )
SUBSTRATE COATING, . VARI- !
: % ~ | THICKNESS “{ e/ e} ABILITY
COATING [CONDITION N, L _ .
B gl ssioge :
|
A1203 A1 uminum .010 64%- + .06
Alloy. '

*Calculated using degraded value of_c_xs and lowest value of e.

S-S



24.01

DEM:

’ REVISION: 0
DATE: 1-6-71
PAGE 5 OF 6

1. TEST MATERIAL

The coating is flame-sprayed Al {(Rokide A) on an aluminum alloy

2%3
substrate. The wvalues listed are considered applicable to all aluminum
alloy substrates, including AA 7075-T73, provided coating thickness is
.010 in. or greater. Values are applicable for both plasma arc and flame
spray coatings.

2. DATA ANALYS1S:

The nuclear radiation plus exposure to ulitra-violet rays tends to
degrade the optical properties of thermal control coatings. In general,
the solar absorptance is primarily affected by increasing in value, and
the total hemispherical emittance is relatively stable. The synergistic
effect of nuclear radiation plus ultra-viclet rays has not been determined
on many coatings of interest, and, therefore, a degradation factor must be
applied to published data to allow for these degradation mechanisms.

After exposure to an integrated neutron flux of lO15 n/cm2 (E < .48 ev),
o of plasma sprayed alumina (A1203) increased from .16 to .19 or an
increase of approximately 19%. The ¢, value remained stable. Similarly,

H
A1, 0. exposed to 180 equivalent sun hours (ESH) showed signs of degradatiocn

2°3
{absolute values of o, not given). On the basis of synergistic degradation
by ultra-violet and neutron radiatiom, the published values of o of flame
arc sprayed A1203 are increased by 40%; this percentage being a conserva-

tive estimate of degradatiom.

The variability factor is + .06 which is prinecipally due to experi-
mental technique of determining solar absorptance. The variation in
values for the aluminum alloy and for 2024-T3 reflects the variability in

experimental determination and deposition conditions.

&<

(assimed)



24.01

DRM:

REVISION: 0
DATE: 1-6-71
PAGE 6 OF 6

The total hemispherical emittance is strongly dependent on the
cleanliness condition of the surface. Because the usual surface condition
of flame or plasma arc sprayed Al,0. is rough, unless contaminated by dirt,

2°3
the value of emittance is not expected to change markedly.

The thermal radiation property was calculated using maximum solar

absorptance and minimum total hemispherical emittance.
3.  REFERENCES

(1) Gaumer, R. E., and McKellar, L. A., Thermal Radiative Control
Surfaces for Spacecraft, LMSD-704014, 1961.

{(2) Breuck, R. A., and Pollard, H. E., Nuclear Environmental Effects
on Spacecraft Thermal Control-Coatings, Paper 39, Symposium on

Thermal Radiation of Solids, NASA SP-535, 1964.

(3) Zerlaut, G. A., et al, '"Ultravioclet Irradiation on White
Spacecraft Coatings in Vacuum, Paper 41, NASA SP-55, 1964,
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DATA RELEASE MEMORANDUM
NRO MATERIALS AND PROCESSES STAFF
DRM . , : : DRM NO.
TYPE: AEROJET-GENERAL CORPORATION 2501
. . R ) oK
B N
SACRAMENTO, CALIFORNIA | REV. NO.
SHEET 1 oF 3 0
SUB.JECT: : o DATE:
THERMAL RADIATIVE PROPERTIES OF ALUMINUM  3-31-70
1. SCOPE: o, ) SR

Data for the following properties are attached:

'Solar Absorptance
Emittance

2. TEST MATERIAL:

The test dats are applicable to elemental aluminum as base or as vac.
deposited. .

3. DATA ANALYSIS:

The radiative pfoﬁerties of metals, coatings,; and films are semsitive to
surface condition, and if a coating or film, to its thickness, condition of
substrate, and process used for deposition. The values listed are for
polished surfaces; increasing surface roughness will increase the values.

4. CONCLUSIONS:

The wvalues for the radiative properties are considered nominal and
meaningful conservatism cannot be applied to provide data.category classification

5. REFERENCE:

Thermal Radiative Control Surfaces for Spacecraft, R. E. Gaumer and
L. A. McKellar, LMSD 704104, 1961.

Thermophysical Properties of High Temperature Solid Materials, Vol., 1,
Y. S. Touloukian, Macmillan Co., 1967

APPROVED BY DATE PREPARED FOR: | . COMPONENT/
v/ DATE: e ASSEMBLY - !
{ /{p o TR A IDENT
N y o !
PREFARED BY AUTIORIZED CLASSIFIER DATE

s . 1/);,'

'},, I"- ] / C .

AT v T,

} } { . W
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PAGE _%_oF 3

e

REV. 0O
AEROJET-GENERAL NUCLEAR ROCKET OPERATIONS
MATERIALS AND PROCESSES SECTION
. \-_
DATA RELEASE
25 h ' Aluminum
pRM No. 22:01 pAGE WO. _ 3 DATE _ 3-31-70 MATERIAL (Elemental)
_ Base Material or . ' '

conprTIoy 2% Vac. Deposited TEST DIRECTION _
SPEC. NOS. FORM
DATA BASIS Nominal : ' COMMENT No Category Required _
PROPERTY Emittance

TEMP COMPUTED

°f | SURFACE CONDITION ¥ : VALUE
]
Polished o approximptely
bu surfacqg finish.
300 L05%
70 _ : _ ' .04
-100 ‘ ‘ .o . .035

=320 : : .03

xRough $urface,cqntaminatiof or thickey coating wpuld tend|to increape
emittatce valued.

. Thermophysical Properties of High Temperature Solid Materials, Vol. 1,
COMMENTS : Y. S. Touloukian, Macmiilan Co., 1967.

10<




PAGE ° OF 3

REV, O
AEROJET-GENERAL NUCLEAR ROCKLET OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA RELEASE
25.01 -3] — D
DRM NO. PAGE NO, ° parg o-31-70 MATERIAL Aluminum
Base Material or .
conpITIONy 2° Vac. Deposited TEST DIRECTION -
- : Forn
SPEC. NOS. FORM All Forms _
Nomi No Cat Required
DATA BASIS ominal COMMENT o Category Require _
Solar Absorptance
- PROPERTY :
TEMP - ) : COMPUTED
op | SURFACE CDNDITION | , VALUE
Chemicallly Clean
40 L18%
Vac., Depdsited
40 L 20%

*The above properties subject to degradation by-radiationlaqﬁ/or contamination,

COMMENTS :

Thermal Radiative Control Surfaces for Spacecraft, R. E. Gaumer and

L. A. McKellar, LMSD 704014, 1961.
<




26 - VAPOR PRESSURE AND CONTAMINANT LIMITS



DATA RELEASE MEMORANDUM
NRO MATERTALS AND PROCESSES STAFF

DRM o L : DRM NO.
TYPE: . . AEROJET-GENLRAL CORPORATION 26.01

SACRAMENTO, CALIFORZIA REV. 1.

SHEET L oOF 6 0
SUBJECT: METALLIC MATERIAL VAPOR PRESSURE AND " DATE: 5-21-70
MATERIAL COJTAMINANT LIMITS

1. SCOPE: B . ' e T T

Literature data were gathered and studied to determine a material vapor
pressure limit and to set material contaminant limits for metallic materials
‘used on the NERVA engine.

2. DATA ANALYSIS: -

Data from several sources were studied, along with the experimental
techniques, to evaluate their credibility and their usefulness to this
application. To evaluate whether or not loss of material by direct
evaporation or sublimation is significant, the rate of evaporation is
calculated using the Langmuir equation

= 1?P14 /T W _?%ﬂ__ﬂ, = rate of evaporation or sublimation
T cm —sec _ . — I
) P torr = wvapor pressure of the material
M B = molecular weight in gas phase
mol o
T °K - = temperature

The Langmuir equation predicts the maximum sublimation rates of unalloyed
elements. Calculations made on the basis of .040 and .010 in. maximum sub-
limation in a year's exposure provide a maximum exposure temperature for
several commonly used elements in space (UHV) vacuum as tabulated in Table 1.

The observed rate is always lower. Loss of one volatile component from an
alloy is more difficult to predict. TFor solid solutions, Raoult's Law may be
used for an approximation. For other alloy systems, such as eutectics, the
vapor pressure of the alloy can be higher than that of its components. When
the low vapor pressure element is present in high concentration, sublimation
will proceed from grain boundaries and surfaces until the volatile element is
depleted at the surface. Thereafter, the sublimation rate will be diffusion
controlled, and diffusion generally does not take place at the temperatures
in question. ‘

APPROVED BY DATE PREPARED FCR: COMPONENT/
S ;| parEs L ASSEMBLY
U R I Lol IDENT

PREPARED BY ! . AUTHORIZED CLASSIFIER DATE

’ fo /,"Z/ C( 23
N - # 4 ) .
i T, /\/,'.'.»L"( - wa G\ et W"
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DATA RELEASE MEMORAIDUM

NRO MATERIALS AND PROCESSES STAFF

DRM , L Co ; DRM NO.
TYPE: AEROJET-GENERAL CORPORATION 26.01
SACRAMENTO, CALTFORNIA REV. NO.
SHEET 2 OF 6 0
SUBJECT: METALLIC MATERIAL VAPOR PRESSURE AND DATE: 5-21-70

MATERIAL CONTAMINANT LIMITS

Tue eyaporated atoms, in space atmosphere w1ll travel in stralght llnes and
deposit only on surfaces which are cooler than the source and in an optical
line of sight with the source. -

Loss of material by direct evaporation in the low-pressure environment of

space is insignificant for Al, Fe, Be, Ti, and the refractory metals and

their alloys, at all temperatures up to their wmelting points. However, Zn,

Cd, Mg, Hg, As, and yellow brass (Zn present) will sublime at a significant
rate in space environment at 400°F (greater than .040 in./yr) and should not be
used. Most ceramics and refractory compounds have very low vapor pressures at
ardlnary temperatures.

A vapor pressure.limit of 10H7 torr at 400°F (860°R) has been specified by
ANSC Specificaticns EC~90177 and EC~9017%9 for metallics used in the wiring
harness and the engine instrumentation. These specifications also limit .

the inclusion in materials of the elements lithium, boron, and cobalt to.0.1.
weight percent maximum, -

“The following data sheets also list the wvapor pressure of less known metallic
elements which mey sublime at an appreciable rate within the specification
limits of temperature and pressure in the space environment.

APPROVED BY DATE PREPARED FOR: COMPONENT/
DATE: ‘ ASSEMBLY
‘ IDENT
PREFARED BY AUTHORIZED CLASSIFIER DATE
f4<



PAGE 3 OF 6
DRM  26.01
5-21-70

TABLE 1

TEMPERATURE AT WHICH SOME COMMON STRUCTURAL MATERIALS
WILL LOSE 0.040 IN./YR IN ULTRA-HIGH SPACE VACUUM

(2 x 10~ torr or‘lower).
TEMPERATURE

MATERIAL °F °R
cd 248 708
in 324 784
Mg 464 924
Sn 1472 1932
Al ~1490 1950
Re 1544 2004
Fe 1922 2382
Ti 2282 2742

TEMPERATURE AT WHICH éOME COMMON STRUCTURAL MATERIALS
WILL LOSE 0.010 IN./YR IN ULTRA-HIGH SPACE VACUUM

(2 x 10"14 torr or lower)

TEMPERATURE
MATERIAL °F ‘ *R
cd 207 667
Zn 291 751
Mg 397 k 857
Al 1341 1801
Be 1540 2000

REFERENCE: 8Space Materials Handbook, National Aeronautics and
Space Administration, Third Edition, 1969,

i15<



26.01

Q‘EREN CE:

PAGE 4 OF 6
AEROJET NUCLEAR SYSTEMS COMPANY
MATERIALS AND PROCESSES SECTION
DATA RELEASE
DRM NO, M-26 PAGE NO. 4 DATE 5-21-70 MATERIAL  Several with vapor
pressures of 10~/ torr or
CONDITION - TEST DIRECTION - lower:
SPEC. NOS. - FORM -
DATA BASIS — COMMENT -
PROPERTY Vapor Pressure of Metals
‘ VAPOR PRESSURE (TORR)
TEMP ELEMENT . .
—R K Zn . cd . _Hg Mg As o i
585 325 1.91 x 1077
@ : 1.98 x 1077
720 400 2.8 x 10712 1.48 x 107
810 450 8.13 x 1077 6.32 x 1077 6.1 x 10 2%
855 475 4.90 x 100 3.68 x 10°% 20.4
900 500 3.17 % 107
VAPOR PRESSURE (TORR)
ELEMENT
TEMP
o °ox Se2 Se4 LSe Te2 rTe
-7 -6 -1
720 400 3.53 x 10 1.42 x 10 1.77 x 10
-5 -4 ~4 -8 ‘ -8
810 450 3.41 x 10 1.81 x 10 2.15 x 10 1.64 x 10 1.64 x 10
900 500 1.65 x 107 1.65 x 1070

An. N. Nesmeyanov, ''Vapor Pressure of the Elements,' Academic Press,

New York, 1961

ig<



26.01
PAGE 5 OF o
AERQJET NUCLEAR SYSTEMS COMPANY
MATERIALS AND PROCESSES SECTION

DATA RELEASE

DRM NO. M-26 PAGE NO. 5 DATE -~ 5-21~70 MATERTAL Several with Vapor
Pressures 107/ torr or lower

CONDITIOR TEST DIRECTION

SPEC. NOS. ) FORM

DATA BASIS COMMENT _

PROPERTY Vapor Pressure of Metals

VAPOR PRESSURE (TORR)

ELEMENT
TEMP _
@ = Na Na, K £ Po_omite) Fa (Red)
. ..7 hd
583 325 1.9 x 10
675 375 1.54 x 107’ 3,63 2.46 % 1077
-4 ~7 -3 -6
855 475 1.77 % 10 4.695 x 10 6.840 x 10 6.03 x 10
VAPOR PRESSURE (TORR)
TEMP ELEMENT
°R °R Sz 84 . 56 S8
-4 -5 -1 -1
810 450 1.59 x 10 7.23 x 10 1.96 x 107 5.8 x 10

Q‘ERENCE: An. N. Nesmeyanov, '"Vapor Pressure of the Elements," Academic Press,
New York, 1961

i7<
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PAGE 6 OF 6
AEROJET NUCLEAR SYSTEMS COMPANY
MATERIALS AND PROCESSES SECTION
DATA RELEASE
DRM NO. DRM M=26  p.ck no. 6 DATE 5-21-70 MATERTAL
CONDITION TEST DIRECTION
SPEC. NOS. FORM
DATA BASIS COMMENT
PROPERTY Vapor Pressure of Metals
VAPOR PRESSURE TORR
l. Rb Rb Cs ELEMENES Fr Po Fo
SR °K 2 2 . 2
-7
450 . 250 1.24 x 10
495 275 1.068 x 10~/
540 300 3.307 x 1077
675 375 1.56 x 107
720 400 4.767 x 10’
810 450 7.65 x 1077 7.65 x 107/
-2 -5 -1 -6 =2 -5 -5
855 475 3.905 x 10 ° 8.112 x 10> 1.07 x 107- 8.23 x 10 ° 6.92 x-107% 2.65 x 10™° 3.30 x 10

REFERENCE: An. N. Nesmeyanov, 'Vapor Pressure of the Elements,' Academic Press,

New York, 1961.



27 - LEAD



DATA RELEASE MEMORANDUM L-G acl

NRO MATERIALS AND PROCESSES STAFF

DRM , . o DRM NO.
_TYPE: AERQOJET-GENERAL CORPORATION 27.01
SACRAMENTO, CALIFORITA REV. 1O
SHEET 1 "oF 3 0
. SUBJECT:  DESIGN THERMOPHYSICAL PROPERTIES CF LEAD DATE:  5-22-70

1. SCOPE: e - ' Get o LDTTL T T

The following thermophysical properties of lead are attached:

Specific Heat

Thermal Conductivity

Coefficient of Linear Thermal Expansion
Density

2. TEST MATERIAL:
The data are appllcable to high purlty 99.998% lead.
“3. DATA ANALYSIS:

The specific heat values are estimated to be within + 5% of the true
values at low, moderate and elevated temperatures. For temperatures below
- =~423°F, the valucs are estlmated to be + 10% oE true values. o

Thermal conductivity values are the recommended values after experimental
data analysis was made by the Thermophysical Property Research Center. As a
result of the analysis, the values are estimared to be within + 3% of the true
values at moderate tEmperatures, + 5% at elevafed temperatures, and + 10% at
low temperatures, -

The density values were calculated using the mean coefficient of linear
thermal expansion. The density values are estimated to be within + 5% of the
true values. :

.. 20<
APPROVED BY DATE PREPARED FOR: . - . . COMPONENT/

: . DATE: ‘ ' ASSEMBLY
e A | IDENT

AUTHORIZED CLASSIFIER DATE

ﬂu 1L M h
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PAGE 2 OF 35

REV. O

AEROJET-GENERAL NUCLEAR ROCKET OPERATIONS

MATERIALS AND PROCESSES SECTION

DATA RELEASE

Cp

27.01 |
DRM NO. PAGE NO. 2 DATE 5-22-70 MATERIAL Lead
CONDITION Annealed TEST DIRECTION
SPEC. NOS. FORM All
. DATA BASIS No Category Required CCMMENT High Purity .
- PROPERTY Specific Heat _
i ]
TEMP : TEMP_ COMPUTED
°F BTU/LB - “F °F . BTU/LB VALUE
-5 -2
-456.506 1.33 % 10 - 98.25 2.975 X 107
~455.812 4.52 X 107 - 52.80 3.008 X 1077
-453,552 9 X 10, - 5.50 3.054 X 10
~451.626 2.33 £ 10 80.25 3.098 X 107
~434.11 7.53 X 1077, 157.8 3.10 X 107;
~431.27 8.688 X 10 247.8 3.16 X 1077
~429.09 1.038 X 107, 337.8 3,20 X 10
~423., 40 1.287 x 107, 427.8° 3.25 x 1077
~410.89 1.737 X 10_, 499.8 3.29 X 10
~392.13 2.200 X 10_7 607.8 3.34 X 10
~363. 44 2.527 X 10_5
~343.43 2.629 X 1075
~314.9 2.730 X 10
~242.93 2.864 X 10 )
-201.48 2.914 x 1077
-127.54 2.967 X 10
L o
COMMENTS ¢ Table

1021, Data Book, Thermophysical Properties Center, June 1966.

2i<




PAGE _ 3 OF _5

—r—

REV. 0
AEROJET-GENERAL NUCLEAR ROCKLT OPERATIONS
MATERTALS AND PROCESSES SECTION
DATA RELEASE K
27.01 | _ '
DRM NO. PAGE NO. 3 pate 0722770 yparprran M2
CONDITION Annealed TEST DIRECTION
SPEC. NOS. FORM AL .
: i Purit
. DATA BASIS Category B COMMENT High Purlty .
: Thermal Conductivity
- PROPERTY
|
K ! :
TEMP BTU/FT~ - E TEMP BTU/FT~- COMPUTED
°F  [HR-°F '§ °F  {HR-°F = VALUE
! —

-459.7 0 ' _ -369.7 25.2

~457.9 | 1600 ~333.7 24.2

~456.1 | 2450 ~315.7 23.8

~454.3 | 1960 ~189.7 22.2

~452.5 | 1300 - 99.7 21.7

~450,7 | 797 ’ 32 . 21.2

~447.1 | 283 80.3 21.0

~441.7 | 102 170.3 20.7

-432.7 48.6 260.3 20,4

-423.7 34,1 440.3 19.6

~414.7 29.3 620.3 18.3

~405.7 21.6

~387.7 26.1

COMMENTS: REFERENCE ~ Table 1012R, Data.Book, Thermophysical Properties Center,
December 1966,

22<



PAGE 4 _OF 5 __

REV.O

DRM NO.
CONDITION

SPEC. NOS

_DATA BASIS No Category Required

AEROJET-GCENERAL NUCLEAR ROCKET OPERATIONS

MATERIALS AND PROCESSES SECTION

DATA RELEASE  ¢K
27.01 PAGE 0. 4 DATE 5722-70 MATERIAL Lead
Annealed TEST DIRECTION All
. FORM All
COMMENT

Coefficient of Linear Thermal Expansion

- PROPERTY

TEMP | In./Td. = COMPUTLD
F g 4 1970 N N, X . K S VALUE

-415 8.06

-370 12.0

-325 13.22

-280 13.89

~190 14,72

-100 15.28

~ 10 15.72
80 16.06

170 16.28

.260 16,56

440 17.83

COMMENTS; REFERENCE - Kirby, Richard K. (NBS), Section 4f, American Institute

of Physics Handbook, 2nd =d., 1963.

2a<




L
wn

PAGE OF

REV. O

AEROJET;éENERAL WUCLEAR ROCKLT OFPERATIONS

MATERIALS AND PROCESSES SECTION

DATA RELEASE P ]
27.01 T oo
DRM NO. PAGE NO. _ 7 pATE 572270 yarpryaL _ Lead
CONDITION Annealed TEST DIRECTION All
SPEC. NOS. FORM ALl N
. DATA BASIS __ : _ COMMENT .
- PROPERTY Density
e 1 b
TEMP | gm/ce lbs~cu in. . . COMPUTED
°F | N, X K S VALUE
1
~415 11.59 418
~370 11.57 417
~325 11.55 416
~280 11.53 415
-190 11.49 WATA
~100 11. 44 412
~ 10 11.39 411
80 11.34 . 409
170 11.29 407
260 11.24 . 405
440 11.13 . 402
A
_

COMMENTS * Calculated on the basis of 11.34 gms/cc density at 80°T using\coefficieut
————  of linear thermal expansion listed on accowpanying sheet..

P 3
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DATA RELEASE MEMORANDUM

NRO MATERIALS AND PROCESSES STAFF

DRM U Co 3 DRM NO.
_TYPE: - AEROJET-GENERAL CORPORATION 28.01
SACRAMENTO, CALIFORWIA REV. NO.
SHEET 1_ OF _5
SUBJECT: DESIGN ALLOWABLES FOR | DATE: 6-17-70

GRAPHITE ~ 3% BORON COMPOSITE

1. SCOPE: . ot - ’ De LT
The following properties for graphite-3Z boron composite are attached:
Specific Heat
Thermal Conductivity
Density
2., TEST MATERIAL:
Data for this composition graphité'do not ¢xist. All data are estimated

or calculated based upon ATJ graphite data which is considered to be the
base material,

3. DATA ANALYSIS:

The specific heat data were calculated on the basis of 97% of values for
manufactured grapnltes The values are estimated to be + 15% of the true
- values. ' ' ' o

Thermal conductivity of this composition was calculated in the perpendic-ilar
and parallel directions using the data for ATJ graphite of 1.73 gm/cec density.
Because of the lack of experimental data, the conductivity was calculated on
the basis of 80% of the conductivity of ATJ. Because the processing parameters -
for this alloy have not been established, it is estimated that the wvalues
listed will be within + 25% at temperatures below ~300°F and + 20% at
temperatures above -300°F of the projected true values of thermal conductivity
of this composite.

A density of .061 lb/in.3 at room temperature was assumed based on
using ATJ process schedule. Density for other temperatures was not calculated
because of the lack of thermal expansion data. The density listéd 1s
estimated to be within + 10% of the projected true den51ty.

"4, - CONCLUSIONS:

The data are considered category ''D', a conservative engineering estimate
of the properties listed based on the ATJ process schedule. This revision
issued to include uncertainty range. :

N .
APPROVED BY DATE PREPARED FOR: L\ ffLUk&uq COMPONENT/ 15¥&5L}\

DATE: ASSEMBLY
s Lo

AUTHORIZED CLASSIFIER DATE
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paGE 2 aF 2
AFROJET-SENERAL NUCLEAR ROCKET OPERATLONS
MATERTALS AND PROCESSES SECTION
DATA RELEASE
’ V 28.01 3% Boron-
DT NO. ) PAGE MO, 2 DATE 6717-70  MATERT:L Graphite
- COXDITION _ . TEST DIRECTION AlL
.061 lbs/in.3 density
SPEC. NOS. ' FORM minimum.
_DATA BASTS No Category Required CO}R{EE‘:I.T Uncertainty, + 15% L
"PRDfERTY Specific Heat
TEMP Cp :
°F ) S {BTU/LB/°F
SENE—— - - ST — ...__._.w b I e g g e PR
0 0
-379 (a)] .00844
-370 ~ (b)} .00980
-280 (b) | .0325
-190 (b){| .0624
-100 (b)| .0965
- 10 ()} .132
80 (b)) .167
260 (b)} .238
350 (b){ .268
440 (b)| .294
530 (b)| .313
620 (b)} .330
710 (bY| .345
800 (b)) .359
890 {b)| .371
980 (b)] .381
1070 (b){ .390
1

{a) Table 5B.05.01, Specific Heat of Manufactured Graphite, The Industrial Graphite
Engincering Handbook, Union Carbide Corp., April 1964.

(b) ¥Kelly, B. T., and Walker, Jr., P. L.,  "Theory of Thermal Expansion of a Graphite
Crystal in the Semi-Continuum Model,' Carbon, March 1970.
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SSRGS B 11 e e+ e e it e o b Tt S S

AEROJET-GEHERAL RUCLEAR ROCKET OPLERATLIONS
MATERIALS ANB PROCESSES SLCTION

DATA RELEASE
3% Boron-

28.01 .
DI G, _ PAGENO. 3 DATE _6-17:70 wATERTAL CREPhite
CONDITION = * TEST bIRECTIOR .With Grain Direction
SPEC. NOS. w . oM Molded

Uncertainty, + 25% at
temperatures below -300°F,

I
_DATA BASIS Category "D COMMENT + 20% at temps above -300°F
- PROPERTY Thermal Conductivity _—
PRAP : BTU/ ;
oy .| HUR/FT/ ' '
- = OF -
__________ b L o e e e
~459,7 0
4417 .226
“423.7 1.2
-405.7 | 2.8
~369.7 7.9
-351.7 11.5
-333.7 14.8
~315.7 1 19.0
~297.7 22.6
-189.7 43.4
- 99,7 55.4
-~ 9.7 | 60.6
32 61.0
80.3 60.1
170.3 57.6
260.3 55.0
440.3 49 .4
620.3 44 4
800. 3 40.2
980.3 36.5
i

Touloukian, Y. S., Thermophysical Properties Research Center Data Book

<8<
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Y — —_— e ot Pt v o R AR Aia s

AEDOJE P-GENERAL NUCLEAR ROUKET OPERATIONS
MATERIALS AND PROCESSES SECTION

- DATA RELTUASE

' 28 .01 : 3% Boron-
DEM WG, . PACE RO. 4 DATE _ 6-17-70 MATERIAL  Graphite
CONDITION TEST DIRECTION Across Grain Directdor
SPEC. HOS. : FORM Molded
Uncertainty, + 25% at temps
below —300°F; + 20% a: temps
. DATA BASIS Category "D" COMMENT _above =300°F.
- PROPERTY Thermal Conductivity .
i "
TEHP BTU/HR/ - ' ¢
°F ] _ FT/°F - . A
I LS — . N e I
-459.,7 0
~441.7 . 184
-423.7 9
-405.7 2.8
-369.7 6.0
-351.7 8.3
-333.7 13.0
-315.7 13.8
-297.7 16.6
~-189.7 31.0
- 99.7 39.8
- 9.7 44,8
32 45,3
80.3 45.3
170.3 43.9
260.3 42.1
440.3 37.9
620.3 34.2
800:3 31.0
980.3 28.2

Touloukian, Y. §., Thermophysical Properties Research Center Data Book

&3<
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ARROJET-6FENERAL NUCLEAR ROCKET OPERATIONS
MATERTALS AND PROCESSES SCLCTICH
DATA RELEASE

28,01 3% Boron-
DR KD, T 2. s P DATE _6-17-70 MATERIAL Graphite

COEDITION TEST DIRLCTION All

SPEC, HOS. B ) FOR Molded

 DATA BASIS Category 'D" comuEnT  Uncertainty + 10%

Density

YEIP ' 3| _ ' :
°F ] 0| LBS/IN: .
nS———— R — B a3 o S e et e ——— i1 m——— T AR g e R ‘W—Y —_— :._-__ ———im
80 .061
]

Calculated value based on ATJ process schedule.

30<
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DATA RELEASE MEMORALDUM

NRO MATERIALS AND PROCESSES STAFF

DRM - o oo DRM NO.
TYPE: : : AERQJET-GENERAL CORPORATION 99.01
! ACRAMENTO, CALIFORWIA
; 5 i ) REV. NO.
y 0
i SHEET " oF )
SUBJECT:  TENSILE DESIGN ALLOWABLES FOR DATE: 6-11-70

310 STAINLESS STEEL WROUGHT PRODUCTS, ANNEALED

1. SCOPE: o T - T
Literature data were analyzed to’estimate a.design_allowable for
_stainless steel alloy 310 wrought products.

2. TEST MATERIAL:

Unspecified wrought products annealed at 2150°F, 0.750-in. diameter bar,
and annealed ,062-in. sheet tensile test results are reported in References
1 through 3. '

3. DATA ANALYSIS:

The test data were analyzed to obtain conservativeé design allowables fo<r
310 stainless steel sheet and bar. The guant:zty of raw tensile data avail- -
able for 310 stainless steel was small; however, estimates of the means
and among- and within-lot variances were made from the available data.
Since the sheet data came from only one heat, thé lot-to-lot variance of .
‘the bar datd was combined with the within-lot wvariance of the sheet data to
~ estimate the combined within- and among-group standard deviation.

4. CONCLUSION:

Data are classified as category "C" since engineering judgement was
used to, estimate the design allowables for sheet and the degrees of freedom
associated with the estimate of the random variance was less than 15.

5. REFERENCES:

(1) T"Heport on the Elevated Temperature Properties of Stainless Steel,"
ASTM Report STP 124, January 1952.

(2) K. A. Warren and R. P. Reed, '"Tensile and Impact Properties of
Selected Materials from 20° to 300°K," NBS Monography 63, June 1963.

(3) A. S. Rabensteine, "Mechanical Properties of 310, 316 and 316L Stainless
Steel Sheet Alloys at Elevated Temperatures,' Contract AF 33(657)-8706,
Project 281, The Marquardt Corp., Van Nuys, Calif., dated 1 Dec. 1962,

;f / DATE: it ASSEMBLY
\\‘ ' @J&’U\,i"u{,& é // / /7 g1 IDENT
ARED BY AUTHORIZED CLASSIFIER DATE
/ - . ,wai‘ ~ .
j /{ 3-3'( \('}i/{/j@f\,/wv'm ZLJ Ly (2



PAGE 2 OF _7

REV. O

AEROJET-GENERAL NUCLEAR ROCKAT OPERATIONS
MATERIALS AND PROCESSES SECTION

DATA RELEASE

3:3<

pry no., 207 0% PAGE NO. 2 DATE 6-11-70 MATERIAL S5 310
CONDITION Annealed TEST DIRECTION
SPEC. NOS. FGRM 0.750-in. diameter bar
. DATA BASIS Category "C" COMMENT .
- PROPERTY Tensile Ultimate Strength
TEMP LOTS/ : - COMPUTED
°F HEATS N df- ¢ X K 5 VALUE
- K
RT 2 6 8 85 4.143 3.94 68.7
~320 1 3 8 156 4.143 3.9 140.0
423 | 1 4 8 182 4,143 5.0 161
COMAENTS : ' Referencesv(l) and (2).




PAGE 3 OF _’

34<

REV.0
AEROJET-GENERAL NUCLEAR ROCKIT OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA RELEASE
2 0 R ] K . T o .
pRM No. oVt PAGE NO, _ 3 pATE 6-11-70 MATERIAL S5 310
CONDITION Annealed TEST DIREGTION _
SPEC. NOS. FORM 0.750-in. diameter bar
- DATA BASIS Category "C" COMMENT
- PROPERTY Tensile Yield Strength
TEMP LOTS/ : _ _ COMPUTED
43 HEATS N df p:4 K 5 VALUE
RT 2 6 8 32 4,143 2.13 23.2
-320 1 3 8 70 4.143 1.41 70.0
-423 1 3 8 99.5 4.143 1.34 88.9
COMMENTS : References (1) and (2),




PAGE 4 oF _’

REV. O
AEROJET-GENERAL NUCLEAR ROCKET OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA RELFASE
29.01 L 11— . ss 310
DRM NO. PAGE NOo. * patg 0 H-70 MATERTAL 3 .
CONDITION Annealed - TEST DIRECTION
SPEC. NOS. ' roryM 0-750-in. diameter bar B
¥ Tttt :
 DATA BASTs __ CAtesory C COMMENT _
. PROPERTY Tens:ile Elongation
TEMP LOTS/ _ _ COMPUT D
°F HEATS N df X K S VALUE
F .
RT 2 7 11 53.4 3.852 5 34.4
~320 1 3 11 67.0 3.852 4 51.6
-423 1 4 11 | 47.7 3.852 4.1 31.9
-

COMMENTS : "~ References (1) and (2).



PAGE 5 OF 7 _

a8<

REV. 0
AEROJET-GENERAL NUCLEAR ROCKET OPERATIONS
MATERTALS AND PROCESSES SECTION
DATA RELEASE
29.0 - . 6-11-70 "~ 8S 310
DRM NO. ! PAGE NO. ° DATE | MATERIAL
CONDITION Annealed * TEST DIRECTION _
0.062-in. sheet
SPEC. NOS. FORM w
Categ ng
. DATA BASIS aresoty COMMENT
Tensile Ultimate Strengtﬁ
-~ PROPERTY
TEMP LOTS/ _ COMPUT::D
°F HEATS N df X K ) VALULE
' §o-
RT 1 7 6 84.8 4,642 2.98 71.0
-
COMMENTS : References (1) and (3).
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REV. O
AEROJET-GENERAL NUCLEAR ROCKET OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA RELEASE
29.01 ' 6 a 6-11- ' A SS 310
DRM NO. PAGE NO. DATE 6-11-70 MATERIAL
CONDITION Annealed TEST DIRECTION
SPEC. NOS. FORM 0.062-in. sheet
.DATA BASIS  Category 'C" COMMENT
- PROPERTY Tens’le Yield Strength
TEMP LOTS/ B COMPUTED
°F HEATS N af X K S VALUE
RT 1 7 6 40.3 | 4.642 1.56 33.1
-
COMMENTS : References (1) and (3).




PAGE 7 OF /_

REY. 0

—

AEROJET-GENERAL NUCLEAR ROCKZT OPERATIONS

MATERIALS AND PROCESSES SECTION

DATA RELEASE

;e
o<

DRM No. 2001 PAGE NO. 7 DATE _6-11-70 MATERIAL <3 310
CONDIYION Annealed TEST DIRECTION
SPEC. NOS. FORM 0.062-in. sheet
. DATA BASIS COMMENT
- PROPERTY Tensile Elongation
TEMP LOTS/ : _ COMPULED
°F HEATS N df X K VALUE
e B4
RT 1 7 6 47.7 4,642 4.1 28.7
.
COMMENTS : References (1) and (3).




31 - AISI 9310 STAINLESS STEEL

9=



MATERIAL:

AISI 9310 STEEL

MATERIAL

AEROJET NUCLEAR SYSTLEMS COMPANY

MATERIALS DATA RELEASE

ATISTI 9310 Steel

- AIST

AISI

PAISI

AIST

AIST

AISIT

ORIGINATOR: %

9310

9310

3310

8310

9310

9310

REVIEW:

Steel

Steel

Steel

Steel

Steel

Steel

CLASSTFICATION:

G nmmn Ao/l

0

FORM CONDITION PROPERTY

Bar Quench + Temper Tensile Strength
{(Uncarburized)

Bar Quench + Temper Yield Strength
(Uncarburized)

Bar Quench + Temper # Elongation.
{Uncarburized) :

Bar Carburized or Elastic Modulus
Uncarburized ¥

Bar Carburized or Poisson's Ratio
Uncarburized

Bar Carburized or Density
Uncarburized

Bar Carburized or Thernal Expansion
Uncarburized '

APPROVAL

J\D@fu'v’v‘ﬂw,&w a_~ i / 10 /.70

40<

31.01

DRM:
REVISION: 0
DATE : 11-9-70
PAGE 1 OF 10
DATA
CATEGORY PAGE
C 2.
C 3
c 4
D 5
D 6
D 7
D 8



REVISION: 0]
DATE: 11-9-70
PAGE 9 OF 1(_

oduced trom
%?s){ gvailable copY.

AFLROJET-GENERAL NUCLEAR ROCRET OPERNTIONS
MATERTALS AND I'ROCESSES SECTION

DATA RELEAGE

vagupg, AIST 9310

31.01 2 11-9-70
(Core ~ not Carburized)

DM RO PAGE RO, DATE

e i i

1450°F 0il Quench

coxprTios  Tempered at 300°F SEST DIRECTION
SPEC. NOS. AMS 6260 - - YORM Bar

. Values applicable to 1.0 in. rd.
_DATA BASIS Category "C" Corpuxe Dar core only.

PROFERTY Tensile Ultimate Strength, ksi

7T TYPICAL FACTOR  [COMPUTED ' [ I
ThMP ' MEAN DATA OF VALUE DATA ¥
°F DIA. VALUF |VARIABILITY  CON- ~] (ksi) CATEGORY | REFERENCE
S joksi  MSERVATESM | 4 b e
[ - = ] ] i
RT 1" 159 + 10 + 14 ksi b 135 c 1
-320 1 210 + 15 + 15 ksi | 180 c 2
~423 1" ' 230 + 15 + 15 ksi | 200 C 2
RT 4" 136 + 10 + 11 kei | 115 C 1
-320 AN 190 + 15 + 15 ksi | 160 c 2
-423 4" 220 . + 15 + 15 ksi | 190 c 2
. e




REVISION: ¢
DATE: 11-9-70
PAGE 3_ OF 10_

AEROJET-GEMERAL MUCLEAR ROCKET OPLRATIONS
MATERTALS AND PROCUHSSES SECTION

DATA RELEASE

DM KO,  pagewo. 3 parg _11-9-70 MATERTzL, AIST 9310
T " (Core - Not Carburized)
1450°F 0il Quench

coxpITION Tempered at 300°F TEST DIRECTTOW .
SPLC. MOS. AMS 6260 | FORM Bar

" [RFall}
. DATA BASIS Category C | COMMENT

Tensile Yield Strength, ksi'

- PROPERTY

. e : e
“TYPICAL | FACTOR |
TP MEAN DATA | OF COMPUTED| DATA ;
oF DIA. VALUE VARIABILIT% CON- "4 VALUE |CATEGORY {REFERENCE
b1 kst ) kst | SERVATISH | S SR
pa . | -

RT 1" 122 + 10 + 12, 100 c 1
-320 1" 170 -} + 15 + 15 140 c 2
~423 1" 205 + 15 + 15 175 C 2

RT A 95 + 10 + 5 80 c 1
~320 4" 160 + 15 + 15 130 c I 2
~423 4" 190 + 15 + 15 160 C 2

L R |




REVISION: O
DATE : 11-9-70
PAGE & OF 10

AFROJET-CENLRAL NUCLEAR ROCEIT OPERATIONS
MATERTALS AL PROCESSES SECTION

ATA RELEASE

DM WO. 31.01 PAGE NO. 4

—— e et N ]

DATE  11-9-70 MATERILL AISI 9310
T (Core - Not Carburized)
Carburized, Quenched,

CORDITION Tempered at 300°F TEST DIRLCTION
SPEC. NOS. AMS 6260 FORM -
. DATA BASIS Category "C"  COMMENT L
PROPERTY Elongation, #4
AL TR A T8 AR — - [ [Rp—
o — T i - ! T . - -
: ' FACTOR | i
CEMP MEAN OF { ALLOWABLE DATA
2 DIA. VALUE CON~ % CATEGORY :REFERENCE }
C % SERVATISM 1 - S DS S
e e -~ - e
| ,
RT 1" 16 .37 10 - C 1
-320 1" 20 - A 12 C y)
-423 iR 18 .5 9 o cC 2
R 4 19 .37 12 c 1 5
-320 4" 23 A 14 C 2
~423 4" 22 .5 11 C. 2
| !
N — it 2 .




REVISION: 0 .
PAGE 5 OF 10
DATE : 11-9-70
AEROJET-CRELRAL MUCLEAR ROCHLT OPERATIONS
MATEDRIALS AL PROCUSSES SECTION
DATA RELEASE
31.01 5 11-9-70 AIS1 9310
DM NO. PAGLE NO. _ DATE MATERLAL B

Carburized, Quenched

TEST DIRECTIOR

COsDITION  and Tempered
SPEL, MOS. AMS 6260 Y¥OR Tensile Bar
DaTh BASIS Categcry "DV COMUENT Estimated equal to 4340
PROPERTY Elastic Modulus
E FACTOR i — i .
TEMP % 106 OF i DATA
op oi con- CATEGORY | REFERENCE ‘
P SERVATLSM .
- i - ' :
RT 29 4 5% D 3
-423 30.5 + 5% D 4
o1 .

£4<



REVISION: 0
PAGE & OF 10

DATE: 1-9-70

AEROJET-CFULRAL MUCLEAR ROCILT OPERATIONS
HMATERTIALS AL PROCLESHS SECTION

DATA RELTEASE

. : : Carburized

pry wo. o0 PAGE NO. _ 6 _ DAtR _11-9-70 MATERIAL 9310
Carburized, Quenched :

cowprrioy _ and Tempered TEST DIRECTION B

spre. nog, AMS 6260 FORY

Poisson's Ratio for low alloy
steels used as a close

LR )]
tategory "D COMMENT approximation to 9310.

CDATA BASIS

- PROPERTY POiSSO[’l' s ratio . _
—— “FACTOR ™7 - i

P ‘ POISSON' OF DATA i - ¢

’ ;F RATIO- CON=- - CATEGORY | REFERENCE '

SERVATISM :
S — I e atedlts el e
l |
RT ' .287 "+ 5%. ha 4
-423 - .272 + 5% D A

48<
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REVISION:

0

PAGE _7__ OF 10 _

DATE:

11.-9-70

AEROJET-CFAIRAL HUCLEAR ROCILT OPERATIONS

MaT

31.01

o T b

ORIALS AN PROCLESHS SECTION

DATA RELEASE

PAGLE RO,

Carburized, Quenched

and Tempered

DATE

11-9-70

MATERIAL

|
f

ATISI 9310

e

COWDITION YEST DIRLCTION
SPEC. NoS. AMS 6260 FORM
Density at RT is for low alloy
cat np steels. Demsity at —-{23°F
_DATA BASIS LATEEOTY . _ COMMENT calculated from RT density and
‘ thermal expansion data.
.- PROPERTY  Density
I _ ” —.
. . FACTOR }
TP DENSIlg OF . DATA :
¥ LB/IN. CON- CATEGORY |{REFERENCE
TRV B SERVATISM ' . ... ‘ ]
RT 0.283 + 5 ) 3
~423 0.285 + 5 D 3

48 <



REVISION: 0 . '
PAGE 8 OF 10

DATE: 11-9-70
AERPOJET-CENERAL BUCLEAY ROGCHET OPLRATIONS
MATERIALS AND I'ROCESSES SECEION
DATA RELEASE
' ‘-. r L 31'01 " . .
DRM RO- PAGE NO. _ 8 _ parp _11-9-70 MATERIAL AIST 9310
Carburized, Quenched .
COxDITION  and Tempered TEST DIRLCTION
SPEC. NOS. AMS 6260 FORM

The thermal expansion of low
alloy steels was used as a close

' Py FE
.DiFA BAsIs _ (aresory b COMMENT approximateion to that of 9310.
- PROPERTY ' “hermal Expansion
- N FACTIOR - i
TEMP 1 0—6 QF .
01_1 . . . EN ) /IN . ---OF CON" ’ DATA
SERVATISM | CATECORY | REFERENCE
I B - oo S e S PR —
200 6.3 +5 D 3
RT . 3
-320 4.63 +5 D 4
~423 3.29 + 5 D 4

s i
o —




31.01

DRM:
REVISION: 0
DATE: 11-9-70

PAGE 9 OF 10

1. MATERIAL:
Material of the following heat treatment is applicable:

1700°F = 8 hours (box cool)
1450°F o0il quench
Temper 300°F - 2 hours

Tensile properties are provided for uncarburized material that will be
representative of core or interior material of carburize case hardened
material. Tensile properties for the carburized case or case-core gradient
material are not available. Physical property values are applicable for
both uncarburized and carburized material.

2. ' DATA ANALYSIS:

From the literature, analysis of typical data showed a variability of
room temperature strength due to composition and heat treat response of + 10
ksi. An additional 14 and 12 ksi for Ftu and Fty, respectively, were
subtracted to provide a minimum conservative estimate for 1-in. round design
allowable. Additional 11 and 5 ksi values for Ftu and Fty, respectively,
were subtracted for conservatism to obtain minimum estimate of 4-in. round
design allowable. )

The —-320 and =423°F data were estimated from 9310 bar {diameter not
specified) data adjusted to correspond to level of typical room temperature
strengths established above. Typical composition and heat treat data
variability were estimated to be + 15 ksi with additional 15 ksi subtracted
for conservatism to obtain minimum estimated design allowable.

The elongation at room temperature of both the 1l-in. and 4-in. round
are reported test data; the values of elongation at -320 and -423°F were
estimated based on elongation data for the alioy (size not specified),
adjusted for difference in reported room temperature values. The elonga-
tion at RT for the 4-in. round is greater because of the lower strength
which is attributed to slower heat treat response (mass effect). The large
variability in elongation data observed for steels resulted in a large
factor of conservatism used to establish the minimum allowable elongations.
Tor RT values, the minimums are approximately 63% of reported typical;
for -320°F, approximately 60% of reported typical; and for -423°F, 50%
of reported typical.

Elastic modulus, Poisson's ratio, thermal expansion and density were

estimated on low alloy steels data for these properties as listed in
Mil-Handbook-5. ‘

48<



31.01

DRM :
REVISION: ¢}
DATE: 11-4-71)

PAGE 10 OF 10

REFERENCES :
(1) Modern Steels and Their Properties, Bethlehem Steel Co., 1952.
(2) "Typical Low Temperaturé Mechanical Properties of Several
Materials,' MPR3-251-369, Rocketdyne, NAA, Canoga Park, Ca.,
14 November 1963.
(3) Military Handbook 5A, 5 January 1%270.
(4) Cryocgenic Materials Handbook, Supplement 4, Vol. II, August 1968,
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32.01 - BRONZE BEARING ALLOYS
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DATA RELEASE MEMORALDUM
NRO MATERIALS AND PROCESSES STATF

DRM o . . DRM NO.
iTYPE: AEROJET-GENLRAL CORPORATION 32 L01

SACRAMENTO, CALIFORLIA REV. NO.

SHEET _1 _OF _9 0

SUBJECT: Design Allowables For Bronze Bearing Alloys DATE: F1o-70
1. SCOPE: Lol e : Bl AT T

The design allowable for three grades of a bearing metal of the nominal
composition 70% Cu~tin~lead are attacned

2, TEST MATERIA.
Test data fo: this material were obtained from the literature.

3. DATA ANALYSI.:

. Technical data for bearings of this composition were reviewed and

conservative est:imate of allowable property liunits were established. The

tensile properties were set at 80% of average; coefficient of friction was
~ increased approx mately 50% to allow for environmental effects (atmosphere

and temperature), variability limits were set for the reported thermal

and physical properties. ' '

-

- 4. CONCLUSIONS

The data are rated category 'C", a conservative estimate of design
allowables, ‘ '

i<

APPROVED BY DATE PREPARED FOR: o oy COMPONENT/
\ 3 PO DATE: S " ASSEMBLY
N PR tef e IDENT

'PREPARLD B7 - AUTHORIZED CLASSIFIER DATE

e A/
(%{;@M @V‘M\ 17 July &




PAGE 2 oF ¢

————
-

' REV. O ——

AEROJET-GENERAL NUCLEAR ROCKET OPERATIONS
MATERIALS AND PROCESSES SECTION

DATA RELEASE

32.01 | e o C
DRM NO. PAGE No. 2 paTE 12770 yarpppiar Bearines
Cast _—
CONDITION _ TEST DIRECTION
SPEC. NOS. B ' FORM ”
' Grade B-4 -~ 70% Cu - 4% Sn -~ 26% Pb
Catesory C Grade B-8 - 70Z Cu - 8% Sn - 22% Pb
. DATA BASIS ceory COMMENT Grade B~10 -~ 70% Cu - 10% Sn - 20%
. , Pb
- PROPERTY Cocfficient of Friction, p'
i .
TEMP ; _ _ COMPUTID
°F GRADE | N N, X K S VALUE
i ‘- ’
RT B—4 - , .20
B-8 _ ' : _ .22
'B-10 - ‘ .25
-
COMMENTS : 'Data Sheet, "Mechanical Properties of Bearium Metal,"

Bearium Metals Corporation, Rochester. New York, undated.

52<



REV. O
AEROJET-GENERAL NUCLEAR ROCKST OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA RELEASE
32,01 ' 3 a 71570 o Bearings
DRM NO. PAGE NO. DATE ~lo- MATERIAL ariLgs
CONDITION  Cast TEST DIRECTION -
GRADE: B-4 = 70% Cu - 4% Sn - 26% Fb
, 3-8 - 70% Cu — 8% Sn - 22% Pb
SPEC. NOS. - ‘3-1J — 70% Cu — 10% Sn - 20% Ph
. DATA BASIS Categcry C COMMENT - L

T

- PROPERTY Tensile Ultimate Strength, F

TEMP . : _ o COMPUTED
°F GRADE N N X K 5 VALUE
€ - ksi
RI B4 | 17
B-8 ' . : 1 19
B-10 : 21

‘Data Sheet, 'Mechanical Troperties of Bearium Metal,"

COMMENTS: )
_— Bearium Metals Corporation, Rochester, New York, undated. -

53<



PAGE 4 oF °

Bearium Metals Corpqration,_Rochester, New York, undated. -

54<

REV. O
AREROJET-GENERAL NUCLEAR ROCKIT OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA 'RELEASE
32.0L 4 B 7-15-70 . Vﬁearir 5
DRM NO. PAGE RO. DATE il MATERIAL ‘&
CONDITION Cast TEST DIRECTION _
GRADE: B-4 ~ 70% Cu - 4% 5n -~ 26% Pb
. B-8 - 70%Z Cu - 8% S5n -~ 22% Pb
SPEC. NOS. ~ ] B-10 =~ 70% Cu - 107 Sn - 20% Pb
- DATA BASIS Cateacry C CCMMENT -
- PROPERTY Tensile Yield Strength, Fty
TEMP _ COMPUTED
[
F GRADI- N N, X K S VALUE
KT B4 8
B-8 10
B-10 13
COMMENTS : ‘Data Sheet, 'Mechanical Properties of Bearium Metal,"




PAGE 5 oF 7

2 REV. 0
AEROJET-GENERAL NUCLEAR ROCKHT OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA RELEASE
.01 T - : : o .
DRM NO. 32.0 PAGE NO. 5 DATE __ 7-15-70 MATERIAL Bearings
CONDITION  Cast TEST DIRECTION -
GRADE: B-4 - 70% Cu - 4% Sn - 26% Pb
-8 - 7% Cu - 8% Sn - 227 Pb
SPEC. NOS. ' %10~ 70% Cu = 10% Sn - 20% Ph__
. DATA BASIS Category C . COMMENT — _
- PROPERTY Blongation,¥% N
TEMP Co ' o COMPUTED
. yA
RT B-4 ‘ 12
B-8 ) . o 8
B-10 6
.

COMMENTS; ~ Data Sheet, "Mechanical Properties of Bearium Metal,"
—— Bearium Metals Corporation, Rochester,. New York, undated,

55<



PAGE OF _~
REV. 0 .
AEROJET-GENERAL NUCLEAR ROCKLT OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA RELEASE
32,01 . : - ' ' < ' .
DRM NO. PAGE NO. 6 DATE 7-15-70  MATERIAL Bearings
CONDITION Cast TEST DIRECTION -
GRADE: B-4 -~ 70% Cu - 4% Sn - 26% Pb
o B-8 - 70% Cu - 8% Sn - 22% Pb
SPEC. NOS. -~ , B-1G - 70% Cu - 10% Sn - 20% Eb

. DATA BASIS Category C COMMENT _Uncertainty, ~5% +20%

- PROPERTY Modulus of Elasticity, E

TEMP : ~ COMPUTED
°F | GRADE N N, X K S VALUF
psi o x. 10
RT B~4 b 10
3-8 ' i - 10
B-10 10

Data Sheet, "Mechanical Properties of Bearium Metal,"

MMENTS : . . ;
COMMENYS:  pesrium Metals Corporation, Rochester, New York, undated.
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AEROJET-GENERAL NUCLEAR ROCKI'T OPERATIONS
MATERIALS AND PROCESSES SECTION

DATA RELEASE

32.01 : L : o .
DRM NO. PAGE No. _ 7 DATE _/~15-70  marErrar _Bearings
CONDITION _ Cast . TEST DIRECTION -
GRADE: B-4 - 70% Cu - 4% Sn — 26% Pb
B-8 - 70% Cu - 8% Sn ~ 22% Pb
SPEC. NOS. -~ B-10 - 70% Cu - 10% Sn - 20% Pt __
- DATA BASIS Category C CCMMENT Uncertainty + 107 .
PROPERTY Modulus of Rigiditvy, G
i T ———
|
TEMP T _ COMPUTZD
°F GRADE N ) N, X K S VALUE
Y psi x 10~
RT B-4 3.0
. B-8 3.3
B-10 3.7
-
COMMENTS: ‘Data Sheet, 'Mechanical Properties of Bearium Metal,"

Bearium Metals Corporation, Rochester, New York, undated.

§7<



PAGE 8 oF 9

32.01

AEROJET-GENERAL NUCLEAR ROCKLT OPERATIONS

MATERIALS AND PROCESSES SECTION

DATA RELEASE

DRM NO. PAGE NO. 8 DATE 7-15-70 MATERIAL _Bearings
CONDITION TEST DIRECTION
GRADE: B-4 - 70% Cu - 4% sSn - 267 Tb
B-8 -.70% Cu ~ 8% Sn - 22% Th
SPEC. ROS. - “TH=19 - 70% Cu - 10% Sn - 20% Fb
. DATA-BASIS Category C COMMENT Uncertainty + 5% _
PROPERTY Density _—
TEMP ? _ COMPUTED
°F GRADE ¢ N N X VALUE
t ' € ibs/in
é
;
RT B-4 ' .334
B8 . 324
B-10 . 320
L.
. COoMMENTS:  Data Sheet, "Mechanical Properties of Bearium Metal,"

Bearium Metals Corporation, Rochester, New York, undated, '

58<




PAGE 9 OF 9

REV. O L
AEROJET-GENERAL NUCLEAR ROCKET OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA RELEASE
32,01 g : 5-15-70 ) L
DRM NO. PAGE NO,. DATE - 70 MATERIAL Bearings
CONDITION ©ast TEST DIRECTION -
: " GRADE: B~4 ~70% Cu - 4% Sn ~ 26% Pb
- , B-8 --70% Cu - 8% Sn - 22% Pb
SPEC. NOS. _ B=10 — 70% [y~ 10% Sno— 20% b
_DATA BASIg Category C COMMENT Uncertainty + 15%

PROPERTY Coefficient of Linear Thermal Expansion

TEMP LT _ _ COMPUYED
°F : - N N X K S VALUZL
: e . in/in/°F x
-115% : . 11.90
-330 - . 8.7

*From RY to tempegature indqcated.

Data Sheet, "Mechanical Properties of Bearium Metal,"

\"':“1 -‘. * 0 .
COMMENTS:  poarium Metals Corporation, Rochester, New York, undated.
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MATERIAL:

Brass 268

C?Z&j}édwﬂig'

- 32.02_

DRM: M-32
SUPPLEMENT: 2
REVISION: 0

DATE: 12-22-70

AEROJET NUCLEAR SYSTEMS COMPANY

MATERTALS DATA REL:ASE

C.
B,

W,
D.

H,

. K. Leeper
. D. Wayne

F. Banks
F. Mader

Mandell

L. Odgers

E. Durkee

H. Ramsthaler (2)

Shenfil
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A. Redfield
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F. Emmons
J. Lamvermeyer

. J. Kotfila
. T. Reid
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32,02

MATERIAL: BRASS 268 DRM:
REVISION: 0
DATE: 12-22-70
PAGE 1 OF 3

AEFROJET NUCLEAR SYSTEMS COMPANY

MATERIALS DATA RELEASE

CONTENTS
o DATA
MATERIAL - CONBITION PROPERTY CATEGORY
Brass Alloy 268 Annealed Specific Heat C
(ASTM 134)
APPROVALS

(ORIGINATOR: 52%%%;{?1
REV IEW: @6&%\?)\%&“\&&\, 1313?!70

CLASSIFICATION: éa/mw(_ 2% 2ec 10

6=<

PAGE



REVISION: 0

DATE: 12-22-70
PACE 2 0@ 3

e & e b

AEROJET-GFNERAL NUCLEAR ROCKET OPERATIONS
MATERTALS AND PROGCESGES SECTION
DATA RELEASE

Brass Alloy

.nﬁm n@. 32.02 ~ PAGE MO, __ 2 DATE 1é—;2—7o.  MATERIZL 268
| CONDITION __ Annealed “ TEST DIRLCTION an

SPEC. NOS. AT | sowt All
. DATA BASIS . Cetegory C | ) ”C0¥HEﬁT 65% Cu

Specific Heat

-- PROPERTY . - e e e
| %
1P 1 Bru/LB/ - . \VARILBILITY| DATA , J
oy . o op % - JCATEG.RY |RETERENCE
80 .096 + 5 C 1
170 . . .104 +5 C 1
260 . 109 +5 c 1
350 .114 +5 C 1




32.02

DRM:

REVISION: 0

DATE: 12-22-70
PAGE 3 OF 3

1. MATERIAL:

Brass 268 has a copper content composition between 63 and 68.53%
by weight. The material used was Cu - 36.81% Zn alloy, annealed at
1290°F.

2. DATA ANALYSIS:

The data were obtained from Reference (1), which indicates that a
variation in this property can be expected with increasing zinc content.
The data listed are suitable for Cu-30% and Cu-35% zinc.

A major change in composition {(greater than 5% Zn) is required to
effect a change i1 specific heat at the temperatures listed. A variability
in data of + 5% due to compositional changes should cover the range of
expected values for this property.

The data are rated category ''C'".

3. REFERENCES :

(1) Y. 8. Touloukian, Thermophysical Properties of High Temperature
Solid Materials, p. 172, Vol. 2, Part I, Maemillan Co., 1967.
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33 - LITHIUM HYDRIDE
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DATA RELEASE MEMORALDUM

NRO MATERIALS AND PROCESSES STAFF

DRM N DRM NO.
“TYPE: _ AEROJET-GENERAL CORPOEATION 33.01
CALIFO& IA )
SACRAMENTO, REY. .
suErT 1 oF ° 0
SUBJECT: DESIGN ALLOWABLES FOR THE THERMAL . DATE:  7-17-70

AND PHYSICAL PROPERTIES OF Lid

1- SCOPE: :_, T . - -_%_—',‘_ — Y .-‘,‘ .
‘The design allowables for the following pr&perties of LiH are attached:

Specific Heat
Thermal Conductivity
Density

2. TEST MATERIAL:
fhe data were obtained using material of 99.8% purity.
3. DATA ANALYSIS:

The uncertainty in.values for specific heat is + 10% at temperatures below
-320°F and + 5% at temperature above -320°F. Because specific heat is based
on Btu/lb, there is no difference in absclute ralues which may be attributed to
the method of fabrication agglomeration {cast or compact}. :

Y
N

The uncertainties of thermal conductivity are + 20%Z to 302°F and + 15%
above 302°F. --This uncertainty is attributed to conflicting data appearing
in the literature. The thermal conductivity will vary in proportion to
density and composition of entrapped gases, if any.

The uncertalnty in den51ty measurement is + 10Z. Density will vary
according to method of agglomeration of powders or, if by casting, by the
amount of voild formation during freezing. The walues of other temperatures
are based on room. temperature density and thermal expansion.

4, CONCLUSIONS:

The uncertainties for LiH are generally higher than for metals. . The
data are classified category 'C".

APPROVED BY DATE PREPARED FOR: [ Sp“!;"»’] | COMPONENT/ SLULL()J.

DATE:. ASSEMBLY

[ LA A 'f/ﬁ/?n o IDENT

AUTHORIZED CLASSIFIER ' DATE

W(ﬁ7/2//[‘ ) ﬁ 72 it 2’?\721{) /;

- €5<

Plﬂ
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33.01

yTaar ST
D RO

PAGE - 2

e RENL. O

ABROJET-GENERAL NUCLEAR ROCKET QORERATLONG

MATERTALS AND PROCESSES SECTION

PACY RO,

DATA RELEASE

z paTE 7-17-70  MATERIA

aL LIH

CORDITION C T TEST pIITCTION -
SPEC. 1OS. 3 Fomy  99.8 LiH .
i Uncertainty + 10% at tempera-
Category "C" e turfs less thano—320°T;
. DATA BASTS o COMMENT + 5% above —-320°F,
CyropgwTy _ Specific Mear, Cp . —
T ] - o B — 0 b
iP | “» ¢
°F BTU/LB °F .
-420 0
-320 .1
~160 47
-100 .57
0 .72
70 .82
300 1.08
560 1.28
810 1.48 -

REFERENCE: Touloukian, Y. 8., Thermophysical Froperties of High Temperature

.- Solid Materials, Macmillan Co., New York, 1967.

Dpm &
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race 3 or 4

REV. 0
AEROJET-GENERAL NUCLEAR ROCRET OPERATIONS
. MATERIALS AND PROCESSES SECTION
e | - DATA RELEASE :
DRI MO 33‘01'_;_ PATE WO. 3 DATE _7-17-70  MATERI/L LiH
cownyTiod ~ 7 """ YEST DIRECTION .=
SPRC. HOS. - - - : FORM Compacted 99.2%.Dense
Uncertainty + 20% to 302°F;
- IPST ' ha 13% above 302°F.
. DATA BASTS Cetegory C _ COMHERT |
- PROFIERTY Trermal Conductivity, K )
I 7 * . — —
YERP BTU/ = : , | -
oy ' } FT-HR-°F - ) :
R S A - e —— - o P

212 ‘ 3.8
302 | BEER
. 392 3.3

482 1 31

572 2.98

REFERLNCE: Tebhnical Data Sheet, Lithium Hydride, TFoote Mineral Co.

&8<
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pac 4 OF

REV. 0 o ..

o et r s ey o et o e e 2t 24 R T i R e ekt R o e e

AEROIET-GENERAL NUCLEAR ROCKET OPERATIONS
MATERTALY AND PRACEHSSES SECTION

o ' DATA RELTASE

PRES P 3301 pacy wo. 4 parp 7717770 MATEREAL _Lin
COXDITION - _ TEST DILECTION - L
SPLC. NOS. - : vomy 100% Dense
: 1l . s o
. DATA BASIS Category "C Ceomypyy | Uneertainty, F %
Density
-+ PROTERTY N L
—_— 1 - _ T T e—— -
: | .
TENP : p 3 _ o : T
°F _ .. ] uBs/IN. :
: ——e ‘i i _ - e T e T _—_...-...,..__ o e e s g ey ST A e e T T s
~360 - .0284
260 .0283
-160 | .0283
- 60 : .0282
80 .028
140 .0279
240 0277
340 L0275
440 .027
540 | 0271
740 .0265
1)

Density will vary according to efficiency of compaction. This property will
vary in direct proportion to its room temperature density. In addition,
uncertainties Zn the thermal expansion measucements with densities at
temperatures other than RT are calculated, will add to the uncertainty in

density values. {§S§<:



36 - 21-6-9 STAINLESS STEEL
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DATA RELFASE MEMORAIIDUM
NRO MATERIALS AND PROCESSES STAFF

DRM - o DRM NO.
TYPE: . AEROJET-GENERAL CORPORATION 36.01

SACRAMETO, CALIFORIIA REV. NO.

SHEET 1 oF 2 0
SUBJECT: TENSILE DESICN ALLOWABLES FOR THE DATE: . 8-7-70
21-6-9 STAINLESS STEEL ALLOY SHEET

lt SCOPE: o TN - - M' o SRR

The following design allowables for the Fe-21% Cr—6% Ni-9% M alloy
sheet. are attached: . :

‘Tensile Ultimate Strength
Tensile Yield Strength
Elongation -

2. TEST MATERIAL:
All data wer: obtained from supplier technical literature.
3. DATA- ANALYSIs:

To establish room temperature properties sfter exposure to the simulated
brazing cycle, the cffect of annealing data fcr the 21-6-9 alloy was reviewed.
A gradual decrease (total 10 ksi) of TUS and TYS- is noted when annealing -
temperature is increased from 1800 to 1950°F. It was estimated that strengths
. would further decrease 5 ksi by thermal exposure to temperatures above 2000°F.

Values below room temperature (RT to -423°F) were avallable at the same
room temperature tensile ultimate strength level as that selected for the
"TUS of the brazed material, and, therefore, there was no need to adjust
room temperature tensile strength to determine subzero TUS properties,
However, it was necessary to adjust TYS room temperature properties to deter-
" mine subzerc TYS properties. ' '

Elevated temperature properties were available; however, these had to
be adjusted to account for difference in room temperature baseline properties.
Values for the 1600°F temperature were extrapolated on the basis of AISI 347
behavior. . ; ‘

All adjusted TUS and TYS values were discounted by 20% as a conservative
statistical estimate of design allowables.

" Elongation values were decreased by 20% of published values. The typical
elongation at 1600°F was estimated from the elongation curves at lqwer
temperatures. ,

APPROVED BY DATE PREPARED FOR: £. 4. . A/ be COMPONENT/ 7@%5E}ﬁﬂ,
, DATE: ASSEMBLY
IDENT
AUTHORIZED CLASSIFIER DATE
Vi, -
6&{// J; ;_/VVVQL /3 A i) /0




DATA RELEASE MEMORALDUM
NRO MATERTALS AND PROCESSES STAFF
DRM L L DRM NO.
_TYPE: - : AEROJET-GENERAL CORPORATION 36.01
K ORNIA
SACRAMEHNTO, CALIFORK REV. NO.
SHEET _ 2 OF 3 0
SUBJECT: TENSILE DESIGN ALLOWABLES FOR THE DATE : 8-7-70
21-6-9 STAINLESS STEEL ALLOY SHENT

4. CONCLUSIONS: R Lo LI

The data are rated category "C'", a conservative estimate of the statistical
allowable, according to directive SNPO 69-37.

5, REFERENCES:

(1) Technical Bulletin 5~26, Armco 21-6-9 Stainless Steel, Armco Steel Co.,
Middlet.own, Ohio, 3/66.

APPROVED BY DATE PREPARED FOR: COMPONENT/
DATE:" ASSEMBLY
. . IDENT
PREFARED BY JAUTHORIZED CLASSIFILER DATE
Ta<




<

REV. 0 .
AEROJET-GENERAL NUCLEAR ROCK:T OPERATIONS
MATERIALS AND PROCESSES SECTION
DATA RELEASE
_ Fe-21 Cr-6 Ni-

.01 ' 7~ ' M

DRM NO. PAGE No. _ 3 pare 077770 MATERTAL _ ° ™
3 : T
CONDITION Triple Brazed © TEST DIRECTION L& .
SPEC. NOS. - FCRM Sheet .
1M~

. DATA BASIS Category °C COMMENT .
- PROPERTY Teusile Ultimate Strength, .Ftu _ .
TEMP LOTS/ _ COMPUTED

°F HEATS N N X K S VALUE

€ . ksi

<423 196

-320 162

~110 107

BT 82

800 57

1200 45
1600 16 .

\
COMMENTS :



PAGE % OF °

REV. O

AEROJET-GENERAL NUCLEAR ROCKIT OPERATIONS
MATERIALS AND PROCESSES SECTION

DATA RELEASE

' Fe-~21 Cr~6 Ni-~-
36.01 4

DRM NO. PAGE NO. paTE 7770 yarprzan | 0 M
CONDITION Brazed ' TEST DIRECTION L&T
SPEC. NOS. N ' FORM Sheet .
At
.DATA BASTS ___ catesory C COMMENT .
- PROPERTY Tensile Yield Strength, Fty-
TEMP LOTS/ . _ o COMPUTED
°F HEATS N N X K S VALUE
€ . ksi
§ .
-423 . 151
=320 ' | 116
~110 : . 67
RT | | 45
800 § 20
1200 . ‘ ' 18
1600 ' N 12
L
COMMENTS :



PAGE 5 OF 2
REV. O

AFRQJET-GENERAL NUCLEAR ROCKET OPERATIONS
MATERTIALS AND PROCESSES SECTION

DATA RELLCASE

: . - Fe-21 Cr—6 Ni-
36.01 5 8-7-70

’ 9 Mn
DRM NO. PAGE NO. DATE MATERIAL
' L&T
CONDITION Brazed . TEST DIRECTION
' Sheet
SPEC. NOS. FORM L
Cat ngit
_DATA BASIS - -80% COMMENT _
Elongation, e
- PROPERTY
i
TEMP | LOTS/ _ | _ COMPUTED
°F . REATS N Ne X K S V%}UE
~423 . 12
-320 ‘ . | _ 24
~110 37
RT . | 34
800 33
1200 21
1600 | - 14
-
COMMENTS:

75<



DATA RELEASE MEMORAMDUM

NRO MATERIALS AND PROCESSES STAFF

DRM o - - DRM NO.
IYPE: ' AEROJET~GENERAL CORPOFATION 36.02
SACRAMENTO, CALTFOR:TA BV .
SHEET ! oF 4 0
SUBJECT: TENSTLE DESIGN ALLOWABLES FOR DATE: 8-7-70
21-6-9 STAINLESS STEEL FORGINGS '
1. SCOPE: T S TP

The following design allowables for the Fe-21 Cr-6 Ni-9 Mn stainless
steel alloy forgings are.attached:

Tensile Ultimate Strength
Tensile Yield Strengih
Elongation

2. TEST MATERIAL:
The basic data were obtained from suppliér technical literature,.
3. DATA ANALYSIS:

The tensile ultimate and tensile yield values at room and subzero
~ temperatures were based on typical values obtaimed on a 4-3/4 in. thick slab
. The values were adjﬁstﬁd to compensate for the thermal effects of. the-
simulated brazing cycle gnd differences in room temperature properties.-
These values were then decreased by 2U% to obtain a conservative estimate
of the statistical allowable values.

The 600°F values were obtained using the same procedure as for subzero
properties except that sheet typical values were used as the base.

4. CONCLUSIONS:

The data are classified category ''C", a conservative estimate of the
statistical allowables, according to directive SNPO TD 69-37.

3. REFERENCES:

(1) DRM M-36A, Tensile Design Allowables for the 21-6-9 Stainless
Steel Alloy Sheet, dated 8-7-70.

PREPARED FOR: L. /9. S A4 ’ COMPONENT/ Ay .
DATE: C&HILL’?L ASSEMBLY t3¢5/%L
IDENT

AUTHORIZED CLASSIFLER ~ DATE

R




AEROJET-GENERAL NUCLEAR ROCKELT OPERATIONS
MATERIALS AND PROCESSES SECTION

DATA RELEASE ,
Fe-21 {r-6 Ni-

36.02 o 2 T 8-7-70 o 9 In
DRM NO. PAGE HO. DATE MATERIAL *_
Triple Brazed - Circumferential and Radial
CONDITION TEST DIRECTION
) . - . ' : . Forging
SPEC. NOS. FORM
Category ''C" .
. DATA BASIS COMMENT .
Tensile Ultimate Strength, F
- PROPERTY ' , tu .
- TEMP LOTS/ _ _ COMPUTLD
°F HEATS N N, X K S VALUE
' N ksi
-423 i : : 186
C-320 | | -. | 154
-110 : ' : b 102
" RT ' 78
600 ' : ' 61
L

OMMERTS : Adjusted values of data contained in Armco Technical Data Bulletin 5-26,
COMMERTS: prmeo Steel Corp., Middletown, Ohio, 3/6@.

B | T



PAGEL _~_OF
REY. 0

ALROJIET-GENERAL WUCLEAR ROCKEL QTERATTORS
MATERIALS AND PROCESSES SBCTLIGH
DATA RELEASE

Fe-21 Cr-6 Ni-~

36.02 .
DR NO. PAGE HO. 3 pAtg 8-7-70  wATERIAL 9 Mg
CONDITICH Triple Brazed TEST DIRECTION Circumferential and Radial
SPEC. NOS. - o FORM Forging o
DATA BASIs _ Category "CT COMMENT _
. PROPERTY Tersile Yield Strength, ¥,
. S
CEHP 1075 B COMPUTLD
oy HEATS i N X i¢ S VALUE
S ! ksi
=423 . ' 141
-320 : : 108
~110 62
RT : 42
600 24

) Adjusted values of data contained in Armco Tehcnical Data Bulletin 5-26,
ekt Armco Steel Corp., Middletown, Ohio, 3/66.

T8<



PAGE 4 oF ¢

REV. O

AEROJET-GENERAL NUCLEAR ROCKI'T OPERATIONS
MATERIALS AND PROCESSES SECTION

DATA RELEASE
Fe-21 Cr-6 Ni-

DRM NO. .02, PAGE NO. 4 parp  87-70 MATERTAL *_é—-fiffl
édNDITION | Iriple Brazed TEST ﬁIéECTION Circumfer;ntial and Radial
SPEC. NOS. - : | FoRM Forging

 DATA BASIS Category "¢"  COMMENT

Elcongation, e

- PROPERTY
TEMP LOTS/ , - COMPUTAD
°F HEATS N H X K s VALUE
. (=] N %
:
-423 . . : 12
=320 | ' o 20
~110 _ 45
- RT ' 40
600 . ' : 33

e Adjusted values of data contained in-Armco Technical Data BulleLln 5-20,
COMMENTS:  prpeo Steel Corp. , Mlddletown, Oth, 3/66

it B
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i /;’?'l SR R
DATA RELEASE MEMCRANDUM

-}} IJ’

NRO MATERIALS AND PROCESSES STAFF

DRM . - : . DRM NO.
TYPE: _ AEROJET-GENERAL CORPCRATION 37.01
SACRAMENTO, CALIFORWIA REV. NO.
! suger 1 or 3 o
SUBJECT: DESIGN ALLOWABLES FOR THE THERMOPHYSICAL DATE:  8-3-70

PROPERTIES OF PHOSPHOR BRONZE "A"

1. SCOPE: Lo m e e

The design allowables for the following properties of Phosphor Bronze "A"
are attached:

Specific Heat
Thermal Conductivity

2. TEST MATERIAL:

The specific heat data were obtained from pure copper and pure tin. The
thermal conductivity data were estimated from curves of pure copper and a
single data poinit for phosphor bronze at room temperature.

3. DATA ANALYSTS:

The specific heat data for Phosphor Bronze "A'" were estimated- from rhe
pure metals copper and tin, by means of the Weumann—Kopp rule.

The thermal conductlvity data were estimated by using a room temperature
data point for puosphor bronze "A'" and following the shape of the conductivity

curve for pure copper to near absolute zero.

Uncertainty levels for both thcrmal conductivity and specific heat were
placed at + 20% for -423°F and + 15% for the remalnlng data p01nts

4. CONCLUSIONS:

Data were established by engineering Judgment from available information.
No category is required.

AP OVLD DATE PREPARED FOR: COMPONENT/
S— DATE: ) ’ ASSEMBLY
(,ﬁfzyf?f i?f | IDENT
PREPARED;?Y AUTHORIZED CLASSIFIER DATE
// %' / // <

N0 6L



2 3
PAGE __ GF
REV. 0
ARROJFT-CTHIRAL NUCLEAR ROCKSE OPERATIONS
MATLRTAL S A PROCHSSES SECTION
DATA RELFASE
37 Phosphor
. Ol . nman
D KO PAGE MO, % parg 873770 MATERIAL, DEORZE A
CORDITION TEST DIRECTIOH .
SPLC. NOS. ' FORM
No Cat ry Required R
. DATA BASIS ategory hed  COMMENT
Thermal Conductivity
ROPERTY
TEP - | BTU-FT ' ' ;
op _ 2 un o | vARIABTLITY
R T : T e A M R T
i -
0 46 + 15%
-320 20 + 157
-423 ' 6 + 20%

} - L

T REFERENCE: Powell, R. L. and Blanpied, W. A., "Thermal Conductivity of
Metals and Alloys at Low Temperature, a Review of the Literature,"
NBS Circular 556, dated 1. September 1954,

Jo%




racz 3 op 3
REV. 0

CANRDIET-GEHERAL RUCLEAR ROCKIET OPERATIONS
MATLRTALS AND PROCHESKES SECTION

B DATA RELEASE
T . . Phosphor
DI NG PAGEH MO, 3  DATE 8~3-70 MATERIAL Bronze "A"

COXDITION . TESY DIRECTION

SPEC. NOS. . : - FORM , L

No Category Required COMMENT

- DATA BASTS

. Specific Heat
- PROFERTY P

TEHP - P
Oy ’ o ' . ;
¥ . .. PTVU/LB °F |- . JVARIABILITY

— T - i

80 b.12 x 1077 + 157

~320 1.37 x 10 ] +15%

423 {0 k.o x 1077 + 20

5 | - ' , !
REFERENCE: 7. S, Touloukian, Data Book, Thermophysical Properties Center,
Purdue University, Lafayette, Indiana.

1<




37.
MATERIAL: Bronze 02

DRM:
REVISION: 0
DATE:; 2-2-71
PAGE 1 OF 3
CONTENTS
DATA
MATERIAL FORM CONDITION PROPERTY CATEGORY
Bronze All Annealed Coefficient of C&D
' Linear Thermal
Expansion
APPROVALS

ORTIGINATOR: 525§i;f?« P ;;Zi:D

REVIEW: , o
o) Lmrff*i%f'»:wt'tl'w 3P
CLASSIFICATION:

AT . Sl

§Z<

PAGE



REVISION: a
DATE: 2-2-71
PACE 2 OF 3

ARROJET-CTULRAL NUCLEAR NOUICT OPLRATIONS

MATLRIALS AN PROCLSSES SRECTION

DATA RELEASE

MATERIAL

by ko, 02 PAGE NO. ___ 2 DATE _2-2-71 _Bronze _
CONDITION Annealed . TEST DIRLCTION A11
-y RA A1l
SPEC. NOS FORY —
Category "D" R
.DATA BASIS » COMERT
Coefficient of Linear Thermal Expansion
.- PROPERTY : ] . -
- X |
. ATLOWABLE
IN/IN/°F °
TP 6k : S para -
°y 10 s k x 10 © | CATEGORY {REFERENCE
________ _ MIN & AS e e b e
LTy : . ;
-423 | 9.5 + .215 2.306  19.0/10.0 I 3
~320 9.9 + .217 2.306  {9.4/10.4 D 1, 2
572 9.9 + .217 2.306  19.4/10.4 c 1, 2
f
*From ]Loom tempé rature (75°F) to tempekature indidated.
.
!

.
e e o ———




37.02

DBRM:
- REVISION: 0
' DATE: 2=2-71
PAGE 3 QOF 3

1. MATERIAL

The data are applicable to annealed bronze having a nominal composi-~
tion of 95% Cu - 5% Sn by weight.

2. DATA ANALYSIS

Elevated temperature thermal expansion data for Cu - 5% Sn bronze was
available in the literature. The data for room temperature to —423°F were
estimated by a comparison of theexpansion characteristics of pure copper
and bronze. From -320 to approximately 600°F, the expansion of copper is
essentially linear in character. The expansion of bronze is slightly higher
than that of corper and by assuming linearity to -320°F, elevated tempera-
ture data were extrapolated downward.

Variations due to chemistry and experimental error are estimated to
result in a standard deviation of + .217 in./in./°F. The data RT to 572°F
are classified category "C'" and from RT to —423°F, category 'D". :
3. REFERENCES

(1) Metals Handbook, 8th Edition, American Society for Metals.

(2) Y. S. Teouloukian, Thermophysical Properties of High Temperature
Soli¢ Materials, Vols. I and II, 1967 Edition.

(3) Cryogenic Materials Data Handbook, Vol. II, Aug. 1968.

ga<
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DATA RELEASE MEMORANDUM

NRO MATERIALS AND PROCESSES STAFF

DRM L SR . DRM NO.
TYPE: ' AFROJET-GENERAL CORPOFATION 38. 01
SACRAMENTO, CALIFORNIA REV. NO.
SHEET 1 -or * 0
SUBJECT: DESIGN ALLOWABLES FOR ALLOY 22-13-5 DATE: 8-7-70

STAINLESS STEEL BAR

i . -,

1. SCOPE: S e Lt i

The design allowable values for the followmng propertles of alloy 22 13 5
stainless steel are attached . ,

Ultimate Tensile Strength
Tensile Yield St:rength
Elongation :

2. TEST MATERIAL:

The test data were taken from l=-in. diameter annealed bar conforming to
the chemical rethrements of alloy 22-13-5 stainless steel alloy

3. DATA ANALYSIS:

The referenced product data sheet values were reduced by 20% to provlde _
a conservatlve estlmate for design allowable values . - S

4.. CONCLUSIONS:

The data are classified category "C" according tolinterpretation of
ID 6%-37, a conservative engineering estimate of the design allowables.

5. REFERENCE:

(l) Armco Product Data Sheet = -45, Armco Steel Corp., Advanced Materials
Division, Baltimore, Maryland

APPROVED BY DATE PREPARED FOR: £. A S jur /€7, COMPONENT/ A/ o2 /e
” DATE: ] ) ASSEMBLY
: IDEN
Lile> ¢ ’:7/ A - N

PRF{;ARED ,Br // | AUTHORIZED CLASSIFIER DATE

6/- E /)xe-fé?fej' ﬁl/ G;:(/WL 7’451 70 8§«




paGt 2 or ¢
REV.0

ABRROIEL-CFRHERAL NUCLEAR TOLRCT OPERNTIONS

MATERTALS ANR PROCUSSES SECTION

DATA RELLAGE

Alloy 22-13-5

38.01 : e ' 0 1 e
DKM NO. PAGE NO. 2 piry 8°7-70 MATERT ., Stainless Steel
COXDITION Annealed TEST DIREGTION
SPEC. MOS. VORS 1-In. Diameter Bar
. Typical values reducad
t. ”C” ,n
_DaTA BASIS __ Caresory copprpr PY 20%
. Tensile Ultimate Strength
- PEOPERTY : . e
DESIGN i
CENP VALUE
°F ksi ~ -
F::“M““Hi“h L o e _
~320 181
~100 117
75 97
600 84
300 78
1000 74
1200 66
1350 56
1500 42
L | -



pact 3 oF _4_

REV. 0 mnn

pry no. 38.01

CONDITION

SPEC. NOS.

DATA BASIS

PROPERT

AEROJET-CIUERAL NUCLEAR DROCKLT OPLERATIONS
MATERTALS AND PROCLSSKES SECTICH
DATA RELEASE

Alloy 22-13- 5

PAGLE NO,. 3 DéTE _ 8-7-70__. MATL&I/H Stainless Steel
Annealed TEST DIRECTION .
FORM 1-In. Diameter Bar

Typical values reduced

TENSILE YIELD STRENGTH

Category "C" COMUERT by 20%

‘ ‘DESIGN ) P
TEMP VALUE oo
°F ksi )
i P— ~t
~320 102 ]
-100 68
75 52
600 37
800 36
1000 33
1200 33 -
1350 32
1500 27 ' v
‘ ;
i
S S —

BE<



pacE 4 or 4

R REV. 0 .
AEROJEL-CFHERAL NUCLEAR ROCKLT OPEZRATIONS
MATERTALS AND PROCESSES SECTION
DATA RELEASE
S Alloy 22-13-5
byt Ko, oo 0t pacr o, 4 parp 87770 MATERTZT Stainless Steel

COXDITION ___

Annealed TEST DIRECTION

SPiC. MNOS.

vopy  1-In. Diameter Bar

Typical values reduzed

Category '"'C" by 207%

. DATA BASIS

 COMMENT

- PROPERTY Elongation
_ DESIGN |. - oy
LhEMP VALUE {
°r % IN 2 1IN, : .
=320 33.0
-100 39.6
75 37.2
600 30.0
800 24.0 X
1000 31.6
1200 28.4
1350 31.2
1500 3.4 -
L ]

89<
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MATERIAL: BeCu DRM: 39.01

REVISION:
DATE:
PAGE 1 OF 3
AEROJET NUCLEAR SYSTEMS COMPANY
MATERTALS DATA RELEASE
CONTENTS
DATA
MATERIAL CONDITION PROPERTY CATEGORY
BeCu Soluvtion Anneal & Specific Heat C:
Fully Aged
APPROVALS

K ) ,
ORIGINATOR: ﬁz%:}/t_/ A
\ r
REVIEW: [g - Q\,WWN@,}}‘/ f&/;‘é/yo
CLASSIFICATION: 6” E / _ 31 Dec 70

12-22-70

PAGE



REVISION: 0
DATE: 12-22-70
PAGE 2 OF 3

-

AEROJET-CFUNRAL NUCLEAR NOUALT OfﬁR\TlOﬂS
MATLRIALS AND PROCECSES SECTION

DATA RELEASE

pr xo. oo+0t PAGE NO. 2 DATE _12-22-70 MATERIAL Cu - 1.8% Be '
COWDITION Solution Anneal & Fully Aged ~TEST DIRECTION All
SPEC. MOS. FORM All
. DATA BASIS . COMMENT
Specific Heat " o
-+ PROPERTY . - —
"ejIP | BTU/LB/ " |VARIABILITY DATA ‘
pres ; °F -~ : " . | CATEGORY |REFERENCE
I —_ N I R At teste
i .
80 .110 + 15 C 1
170 J111 + 15 C 1
260 - 112 + 15 C 1
350 .116 + 15 C 1




DRM: 39.01

REVISION: 0

DATE: 12-22-70
PAGE 3 OF 3
1. MATERIAL:
The material has a composition of Cu - .87 Be (nominal 2%) in the

quenched and fully aged condition.
2. DATA:

The data were obtained by extenﬂing the quencﬁed and tempered
curve from 400°K to 300°K as it appears in Reference (1). The data are
classified category "C" because of this extrepolation.

The variability can be as high as + 15% because a small weight
percent of Be in Cu is a high atom percent ard since the specific heat of
Be is approximately 5 times that of Cu, from the Neumann Kopp rule, large
variability can be expected by small changes in composition.

3. REFERENCES :

(1) Y. 8. Touloukian, Thermophysical Properties of High Temperature
Solid Materials, Vol. II, Macmillan Co., 1965.

[
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MATERTIAL: INVAR 36 DRM: 41.01

REVISION: 0
DATE: 11-23-70
PAGE 1 OF 8
AEROJET NUCLEAR SYSTEMS COMPANY
MATERIALS DATA R@LEASE
CONiENTS
DATA
MATERIAL FORM CONDITION - PROPERTY CATEGORY REFERENCE PAGE
Invar 36 Bar Annealed Tensile Ultimate Strenzth C 1&2 2
Tensile Yield Strength C 1 &2 3
Compressive Yield Strength D 14&2 4
Elongation | C 162 5
Modulus of Elasticity C 152 6
Mean Coefficient of .B 3 i

Thermal Expansion

APPROVALS

ORIGINATOR: ﬁ %
REVIEW: /{03\ W%@LMJ/‘}'L._ “/?4 70

CLASSIFICATION: B
MA’W\— 2uMe 70 LNCLASS IFIE0

J3<



-+ PROPERTY

41.

— —— ket e ey E——

REVISICN:

DATE:

0
11-23-70

PAGE 2 OF &

AEROJET-CFENRAL RUCLEAR ROCHLT OPLRATIONS

MATERIALS AND PROCHSSES SECTION

DATA RELLEASE

paTE _11-23-70 MATERTAL _INVAR 36

TEST DIRECTION

FIORM

Longitudinal

3 In. Bar or Plate

DRM KO. 01 PAGE NO. __ 2
CORDITION Anncaled
SPEC. HOS.

Category nen

. DATA BASIS ___

COMMERT

Tensile Ultimate Strength

NP ESTIMATED |[ALLOWABLE: .
¢y _TUS ks ° ksi CATEGCRY REFE RENC]%
RT 65 is 50 c 1 &2
-100 77. 17 60 C 1l & 2
~320 103 23 80 c 1 &2
~423 116 26 90 C 1& 2
Of<



REVISION:  C
DATE: 11-23-70
PAGE 3 OF &

—

. AEROJEC-CFNLRAL NMUCLEAR ROCLET QPLERATIONS
MATERTALS AR PROCLSSES SECTION

DATA RELEASE

DRM NO. 4101 PAGE NO. 3 DATE  11-23-70 MATERIAL INVAR 36
COXDITION Annealed TEST DITLCTION Longitudinal

SPEC. NOS. __ ‘_IORH 3 In. Bar or Plate

1] (1] ’
_DATA BASIS Category "C COMUENT

) Tensile Yield Strength :
+- PEOPERTY -

TEANP * | ESTIMATED JALLOWABLE® .
°F TIYS ks ksi CATEGORY | REFERENCE
IR DU ~h B USSR S
RT 40 5 35 c - |
-100 45 ., 5 1 40 C - 14&2
-320 f s6 | 10 46 ¢ 142
-423 69 10 59 c 1&2




REVISION:
DATE:

0
11-23-70

PAGE 4 OF8___

. APROJET-CFULRAL NUCLEAR ROCLT OPERATIONS

MATE

-

DATA RELEASE

RIALS ANDR PRICHESES SECTION

- 4 . . - o .
DM KO. 1.01 PAGE NO. A DATE, 11-23-70 MATERIZLL INVAR 36
COXDITION Annealed TEST DIRECTION
SPEL. HOS. FORM 3 In. Bar or Plate
. i 1
. D&TA BASIS Category D COMUERT
: i
. PROPENTY Compressive Yield Strength ) N _
AP | ESTIMATED | ALLOWABLE CATEGORY _ | REFERENCE !
r AVERAGE ks kei
RT 50 10 40 D 1
~ -100 55 . 10 45 D 1&2
-320 61 10 51 D 1 &2
-423 76 10 66 D 1 & 2
88< !



REVISION:
DATE:

0
11-23-70

PAGE 5 OF 3 _

r——

DRM RO,

41.01

AEROJET-CFuRRAL NUCLEAR ROCHCT OPLRATIONS

MATERIALS AR PROCUSSES SECTIONW

DATA RELEASE

PAGE NO. 5 DATE 11-23-70

MATERIZL INVAR 36

CONDITION pnnealed TEST DIRECTTON
SPEC. NOS. FIRM 3 In. Bar or Plate
_DATA BASIS Category "C" COMUENT
- PROPERTY Tensile Elongation
i _
NP ESTIMATED ALLOWABLE‘ DATA !
& . o -
F AVERAGE ° ks ksi CATEGO3Y ' | REFERENCE
RT 40 10 30 C 2
~100 50 - 10 40 c 4 2
~320 52 10 42 C 2
-423 40 10 30 c 2




. REVISTON: O
DATE 11-23-70
PAGEL ¢ OF g

ot A =t -

. AEROJET-CFMIRAL NUCLEAR ROUALT OPLA\LIOES
MATERIALS ANR PROCUSSES SECTION

DATA RELEASE

DRM XO. 41.01 PAGE MO, 6 DATE 11-23-70 MATERIAL INVAR 36
COSDITION Annealed TEST D1RECTION
‘ 3 In. Bar or Plate
SPLC. NOS. FoRM
N i1t ’
_DATA BASIS Category TC | COMSENT
Modulus of Elaéticity - .
-+ PROPERTY _ -
TYDPTCAL ] "
WP O E X 106 s . :
°F psi .- VARIABILITY| CATEGORY REFERENCE
RT 21 + 5 C 2
-100 20.2, +5 C 2
~-320 19.7 +5 C 2
423 19.5 + 5 o 2

et .

100<



REVISION: Q
DATE: 11-23-70

PAGE 7 OF _g

AEROQJEI-CFHNRAL NUCLEAR ROCKLT OPLRATIONS

MATERT

ALS AN PROCLESKS SECTION

DATA RELEASE

DATE _11-23-70  MATERTAL INVAR 36

DRy xo.  41-0L PAGE NO. 7

CONDITION Annealed “TEST DIRECTION Longitudinal

Sprc. MNOS. . ¥ORM 3 In. Bar or Plate
category "8’ COMMENT

. DATA BASLS

Mean Coefficient of Thermal Expansion

i AVERAGE® . i
TEMP o DATA - . ’
er IN:/INi?FJARIABIEITY CATEGORY ; REFERENCE
. xa0 . e ]
— — ‘
~100 | .655 +5 B 3
-200 | .86 +5 B 3
-320 | .93 + 5 B 3
-423 } .77 + 10 B 3
*From [RT (68°F){to temperafure indicafed.
!

163 <



41,
DRM: 1.01

REVISION: 0
DATE: 11-23-70
PAGE 8 OF 8

1. MATERTALS :

The data arz applicable to 3-in. rounds or plate in the fully annealed
conditions.

2. DATA ANALYSIS:

Room temperature data for UTS, TYS, and elongation for annealed materizl
were available from several sources and were in general agreement. For date
below room temperature, Reference (2) was used exclusively, although the data
listed were for 12-15% cold reduced .750-in. round bar. A ratio was calculcted
for room temperaiure properties to account for the differences in strength
produced by cold working. It was then assumed that the ratio was at all
temperatures bel>w -70°F. Different ratios were obtained for Fiu, Fry, and
elongation. An estimated "ks" factor was used to determine a conservative
allowable for each property.

No data were available for the compressivz yield strength, and it was
estimated to be 10% higher than the calculated tensile yield strength at
all temperatures. An estimated ks factor was subtracted to obtain the
allowable.

-

Examination of modulus data for the temperathre range 70 to -423°F showed cold
working had a minor influence on this property, and the data from Reference
(2) were used. The variability in this property was estimated to be + 5Z.

Thermal expansion data of annealed Invar between RT and -423°F were
available from a reliable source [Reference (3)], and mean coefficients of
thermal expansion were calculated using these data. These data with their
estimated variability are classified category "B".

3. REFERENCES : .
(1) ‘Mechanical and Physical Properties of Invar and Invar-Type
Alloys,'" DMIC Memorandum 207, Battelle Memorial Institute,
August 1965.

(2) Section F5ab, Vol. II, Cryogenic Material Data Handbook (Revised),
AFML-TDR-64-280, Supplement 4, August 1968.

(3) 27th Progress Report, NBS No. 9291, NBS, Boulder Labs, September
1967.

=<
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42,01

MATERIAL:  MONEL K-500 DRM:
REVISION: O
DATE: 12-8-70
PAGE 1 OF 8
AERQJET RUCLEAR SYSTEMS COMPANY
MATERIALS DATA RELEASE
CONTENTS
DATA
MATERIAL FORM __ CONDITION PROPERTY CATEGORY
Monel K-500 < .25 In. 65% Cold Drawn Tensile Ul :imate Strength C&D
Dia. Wire :nd Aged
\ Spring Temper) Tensile Yinrld Strength C&D
Elongation C&D
Torsional Buckling’ C&D
Strength
Torsional Prqportlonal C&D
Limit
APPROVALS

ORIGINATOR: R~ {D i
REVIEH: \&% - muw [} / '0/ 70 |
CLASSIFICATION: szkvmq:4f7 °<2:;?fifﬁl4’ _

t0a<

PAGE



REVISION: 0
DATE: 12-8-70

PAGE 2. OF 8

AEROJET-CFHIRAL NUCLEAR ROUKLT OPLERATIONS
MATERTALS AND PROCLSSES SECTION

DATA RELEASE

s no. +2O PAGE NO. ___2 DATE 12-8-70 MATERI/L MONEL K-500
CORDITION Cold Drawn and Aged "TEST DIRECTION
Spre. NOS. - FORM < .25 In. Dia. Wire
. DATA BASIS COMMERT Spring Temper
. PROPERTY Ultimate Tensile Strength
" Al LR oS LR | o
_ , e ———— !
B 1 . ALLOW- i
pEP -] NOMINAL -5 - {ESTIMATED_ ABLE _ :
oy | TUS - ' ks ksi . | CATEGORY | REFERENCE
b e Vil . e man [ orm e s g e e ]
RT 197 17 180 c 1
-320 220 . 30 - 190 ) 1
~423 : 240 ‘ 40 200 D 1
[}




REVISION: 9
DATE: 12-8-70
PAGE 3 OF 8

' AEROJLET-CINNRAL NUCLEAR ROCHCT OPLERATIONS
MATURTALS AR PROCESSES SECTION

DATA RELEASE

oy o, 2Ot PAGE NO. 3 DATE 12-8-70 MATERIAL MONEL K-500
CONDITION Cold Drawn and Aged - TEST DITLECTIOX
SPEC. NOS. L FORM < .25 In. Dia. Wire
. DATA BASIS COMMERT Spring Temper
. PROPERTY Tensile Yield Strength B L
s : : ALLOW- |
waab '_ . | ESTIMATED ABLE ~ | DATA :
: . .| AVERAGE ks ksi CATEGORY |REFERENCE
e B - et R eiveammats
!
RT 190 30 160 c 1
-320 B 205 ' 30 175 © D 1
=423 230 40 190 D 1




REVISION: 0
DATE: 12-8-70
PAGE 4 OF _g

AERQJELT-CIHLRAL NUCLEAR ROUICT OPMRATIONS

MATERIALS ATIR PROCHCSES SECTION

DATA RELLEAGE

MATERT/L MONEL K-500

o

pry wo. 22-01 PAGE KO, 4 DATE  12-8-70
cospyrIoy  Cold Drawn and Aged TEST DIRLCTION
SPEC. NOS TORM < .25 In. Dia. Wire
. DATA BASIS COMMENT Spring Temper
Elongation
PROPERTY . —
— : !
_ ALYL.OW- .
YiMP ESTIMATED: ABLE . DATA : !
°F AVERAGE ks "% CATEGORY | REFERENCE
S - T et Cl st
RT 3 2 1 c 1
-320 . 5 2 3 D 1
=423 4 2 2 D 1

14'7<



——

42.01

DRM RO,

CONDITION ___

REVISION:
DATE:

PAGE 5

0
12-8-70
oF 8

MATERTALS ANR PRIOCHSSKE SECTION

PAGE XNO,

DATA RELEASE

S DATE 12-8-70

Cold Drawn and Agéd

TEST DIRLECTION

' AERQJEE-CFENRAL NUCLEAR ROCLET OPURATIONS

MATERIAL MONEL K-500

SPEL. HOS 1ORM < .25 In. D%f: Wire
e AMERT Spring Temper
DATA BASIS _ COMMERT
PROPERTY Torsional Breaking Streﬁgth ' ~ e
.o ALLOW- | -
TENP NOMINAL ESTIMATED ABLE . :
°r ksl ks ksi CATEGORY [REFERENCE
] I R _
RT 137 27 110 C 1
-320 153 23 130 D 1
-423 167 27 140 D 1

4U8<




COXDITION ___

B L a—

REVISION:
DATE:

0
12-8-70

PAGCE 6 OF 8 _

. ABRROJEL-CFULRAL NUCLEAR NOC LT QPLERATIONRS

MATLRIALS AR PROCESSES SECTION

PAGE NO.

DATA RELEASE

Cold Drawn and Aged

pATE 12-8-70

TEST DIRLCTION

‘ MATERIAL MONEYL K-500

‘< .25 In. Dia. Wire

g ]

SPEC. NOS. _ o
.DATA BASIS COMMERT Spring Temper
- PROPERTY Torsional Proportional’Limit1 A
—_ I
- ALLOW~-, .
vimp NOMINAL | ESTIMATED ABLE : ‘
5 ksi ks ksi CATEGORY |REFERENCE |
RT 75 25 50 c 1
-320 84 24 60 D 1
~423 91 21 70 D 1




42.01

DRM:

" REVISION: 0
DATE: 12-8-70
PAGE 7 OF 8

1. TEST MATERIAL:

The data are based on values obtained from tests using .148-in.
wire, 65% cold reduction, and aged at 980°F/6 hours plus 900°F/6 hours.

2. DATA ANALYSIS:

The room temperature properties of temsile strength, yield strength,
elongation, torsional breaking strength, and torsional proporticnal limit
are as reported in Reference (1). The ks factor was estimated to allow
for variability due to composition, heat treat response and to obtain a
conservative valuve of design allowable at the 99/95 reliability require-
nents.

No data were available for low temperature properties for wire in
the spring temper and aged condition; low temperature data were available
for .063-in. thick sheet. To establish an allowable for F¢, and Fiy at
low temperatures, a ratio was established usinyg RT values for aged sheet.
For cold drawn and aged wire, the low temperature values of sheet were then
multiplied by this ratio. It was assumed that the tensile behavior of both
forms of this alloy would be similar; the ks factor was increased to 30
ksi and 40 ksi at -320 and -423°F, respectivelv, to offset the unknown aspects
of this assumption. Elongation values at low temperatures were based on
engineering estimates using the behavior of sheet at these temperatures
as a guide.

The torsional breaking strength (TBS) and torsional proportional
limits (TPL) for low temperature were calculated using the room tempera-
ture ratio for TES/UTS = .695 and TPL/UTS = .380., It was assumed that
these ratios would apply at all temperatures. The ks factors are engineer-
ing estimates.

The data contained in this DRM are applicable only to material
processes as described above (Test Material). Major changes in wire
diameter, reduction, and aging treatments will result in significant
changes in properties.

Room temperature data are classified category 'C'"; the low temperature

properties were estimated using a different form and condition, and,
therefore, these data are classified category 'D.

110<



42.01

DRM:

REVISION: 0

DATE : 12-8-70
PAGE 8 OF 8

3. REFERENCES :
(1) Technical Bulletin, Monel Nickel-Copper Alloys, Huntington

Alloy Products Division, Internmational Nickel Company, Inc.,
October 1969.

11d<



42.02

MATERIAL: K Monel 500 DRM:
REV1SION: 0
DATE: 12-17-70
PAGE 1 OF 8

AEROJET NUCLEAR SYSTEMS (OMPANY

MATERIALS DATA RELEASE

CONTENTS
DATA
MATERTAL FORM CONDITION ' PROPERTY CATEGORY PAGE
K Monel 500 Rod & Bar Hot Finished or Tensile Ultimate Strength C 2
Cold Drawn;
Annealed; Tensile Yield Strength C 3
Aged
Elongation C 4
Modulus of Elasticity B 3
B &C 6

Poisson's Ratio

APPROVALS

ORIGINATOR:

MMNH\/ I}/élf / 70

CLASSIFICATION: + W /%0
l/ [ 2 T e A

.
REVIEW: FSE\*



REVISION:
DATE: ,,
PAGE

0
2-17-70
or B

- it e

AEROJE (-CEULRAL NUCLEAR LNOCLLT OPUR

\T10%S

MATERIALS AND PROCESSES SECTION

DATA RELEASE

b o, _2:92 PAGL NO. __ 2 DATE 12-17-70_  MATERIAL _K-Monel 500
Hot Finished or Cold Drawn,
CONDITION Annealec¢ and Aged. PEST DIRLCTION Longiiudinal
SPEo, HOS. FORM REod and Bar
.DATA BASIS COMMENT
o PROPERTY Tensile Ultimate Strength R ___
- NOMINAL A ,
AP UTS  |ESTIMATED | DESIGN ' DATA . |
3 cksi ks ALLOWABLE | CATEGORY | REFERENCE
,m-__ﬁ_"i. —_ e e e
-423 173 20 153 C 2
- -320 158 20 138 C 2
- =100 " 145 15 130 C 2
RT 130 15 115 C 1

b -

33



. REVISION: 0
DATE: 12-17-70
PAGE 3_ OF 8

-

. ARROJEL-CEUIRAL BUCLEAR TOCUILT OPLRATIONS
MATURIALS AR PROCUCSES SECTION

DATA RELIASE

DRM NG

h2.02 PAGE No. ___ 3 parr 12-17-70  ypppgyp, KMonel 500

Hot Finished or Cold Drawn, :
Longitudinal

coxprrron  Anmealed and Aged TEST DIALCTION
SPIC. HOS. FORM Rod and Bar
. DATA BASIS : COMSENT
Tensile Yield Strength .
-+ PROPERTY ) _
; . - . !
INOMINAL DESIGH | -
WEMP TYS . {ESTIMATED JALLOWABLE, DATA
oy Iizsi o ks -~ kei CATEGORY REFERENCE
L e ———— ] F_— h - = Prep i —— - e A — da—a ::, _.-.___..:
| .
~423 118 20 108 c . 2
- -320 105 20 . 85’ C 2
' -100 95 - 15 80 c A 2
RT 85 15 70 c 1

418<



REVISION: 0
DATE: 12-17-70
PAGE _4_ OF 8

AHROJEI—CFHERAL NUCLEAR NOCLET OPLERATI(NS
MATURIALS AR PROCECSES SLECTION

DATA RELEASE

ouy wo. 2002 PACGE NO.  ° paty 12-17-70 MATERT/L KMonel 500

Hot Finished or Cold Drawn,
Annealed and Aged

COXDITION TEST DIRLCTTON
.. Rod and Bar
SPEC. NOS. _ FORM
.DATA BASIS __ - COMSERT
Elongétion
-~ PROPERTY . f —
| NOMINAL DESTGN ;
AP e - |ESTIMATED |ALLOWABLE, DATA !
oy o7 ks ~ 7% CATEGORY R.EFERENCE.‘
e S R i e St
[
-423 38 10 28 C - .2
-320 40 10 | 30 C _ 2
-100 33 8 25 c 2
RT 30 8 22 o 1
'! SN,

< 4 B



REVISION: 0
DATE: 12-17-70
PAGE 5 OF 8

‘ ARROJET-CTiNLRAL NUCLEAR ROCLZT OP

42.02

CONDITION

SPZC.

NOS.

. DATA BASIS __

PAGE RNO.

MATLRT

ERATIONS

ALS AND PUOCLESES SECTION

DATA RELEASE

5

Hot Firished or Cold Drawn,
Annealed and Aged

DATE _12-17-70

FORM

MATERIAL K-Monel 500

TEST DITLCTION

Rod and Bar

Category B

Modulus of Elasticity

__ COMHERT

Ep—

- PROPERTY . -
| NOMINAL - .
kP VALUE - _ DATA '
ry 6 WWARTABILITY CATEGORY |} REFERENCE
psi x 10
S N I e Sl o -
i !
-423 27.0 + 5% B 2
-320 26.5 + 5% B 2
RT 26.0 | + 5% B 1




REVISION: 0
DATE: 12-17-70
PAGE 6 OF 8

AEROJEC-CEANRAL NUCLEAR ROCICT OPERATIONS
MATURIALS ANR PROCHSSES SECTION

DATA RELLIASE

42.02 6 12-17-70 K-Monel 500

DRM 0. PAGE O, DATE MATERIAL

Hot Finished or Cold Drawn,
Annealed and Aged

CONDITION TEST DIRECTION
SPEC. MOS. ' FOR
.DaTA BASIS : COMMENT
- PROPERTY Poisson's Ratio _ N
i . !
- NOMINAL -
Ime l VARIABILITY  DATA . °
¥ i e % CATEGORY ; REFERENCE
423 .32 + 10% c -
-0 | .32 +102 | ¢ -
RT .32 + 10% B 1
! _

4487



42.02

DRM: -
REVISION: 0
DATE: 12-17-70

PAGE 7 OF 8

1. MATERIAL:

The test material is hot rolled or cold drawn rod and bar, annealed,
and aged by a step process to obtain maximum mechanical properties. The
aging process usually consists of the following:

Annealed, 1900°F/1 hour

Aged, 1100°F/16 hours

Furnace Cool to 1000°F and hold 6 hours
Air cool to room temperature

Variations in the above treatment will result in properties other than those
listed.

2. DATA ANALYSIS:

The room temperature TUS and TYS data are the neminal properties for
bar and rod regardless of size; higher properties ‘can be obtained in small
sizes. The ks factor for room temperature valuzs is estimated to be 15 ksi.
Data for properties below room temperature were obtained from Reference (2).
There was a difference in room temperature properties and to account for
this difference a ratio was calculated and applied to all other temperatures.
The ks factor for -100°F was estimated to be 15 ks% and for -320 and -423°F,
the ks factor was increased to 20 ksi.

. The ductility of this alloy is increased as temperature is décreased
to -423°F. The ks factor was estimated to be approximately 25-30% of the
total value of elongation.

The modulus of elasticity values for 80°F were obtained from Reference
(1) and for other temperatures, Reference (2). The difference in RT values
from the two sources is withim the 5% predicted variability.

An BT value for Poisson's ratio was available [Reference (1)] and
this property was assumed to be invariant with temperature.

The mechanical property data were classified category '"C". The physical
properties, E at RT, =320 and -423°F, and Poisson's ratio at RT were
classified category "B'". Where data were estimated, the data were classified
category ''C'". :

138<
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REFERENCES

@N) Technizal Bulletin: 'Monel, Nickel-Copper Alloys,' Huntington
Alloy Products Division, The International Nickel Co., Inc.,
October 1969.

l(2) Cryogenic Materials Data Handbook (Revised), Supp. IV, Vol. II,
AFML-TDR-64-280 (Revised), August 1968,
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MATERIALS ANDR PROCLESSES SECTION

DATA RELEASE

1% §i Transformer

o 45.01 ooy ‘
DRM NO. PAGE NO. 2 paTR 12722770 MATERTAL Steel
) Annealed . All
CORDITION ___ neate TEST D1RECTION !
SPEC. NOS. : FORM Sheet
DA pASIS  Catesory "C COMMENT
. PROPERTY Specific Heat
- ‘ -
: P VARIABILITY :
1LJP | BTU/LB/ o DATA '
k 3 - °F % - - | CATEGORY } REFERENCE
80 .118 +5 C 1
170 . .120 +5 c 1
260 1 22 +5 c 1
350 .125 +5 c 1
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i. MATERIAL:

The material has a nominal composition of 3% Si (2.78%), .35% Mn,
07% €, and .06 Al and .024% P. '

2.  DATA:

The data were obtained from Reference (1). Although the Si content
varied from 1 to 2.78% at the lower temperatures, the variability was
within 5% limits noted.

The data are classified category "C".

3. REFERENCES:

(1) Y. S. Touloukian, Thermophysical Properties of High Temperature
Solid Materials, p. 421, Vel. 3, Macmillan Co. 1967
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